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Rocess 
OF ELIMINATION 


Man-made static can be silenced by 
B.I.Callender’s Anti-Interference Aerial. 
When properly installed this patented 
combination of aerial and = transformers 
reduces annoying background noises caused 
by electrical equipment. Reception is 
improved, and a maximum number of 
programmes can be enjoyed on all wave- 
lengths. 

Write to-day for folder No. 221N 
containing further information. 


Licensed under Amy Aceves & King, inc. 
Patents Nos. 413917, 424239 and 491220. 
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ed ge ry avers: 
MODEL 7 AND MODE 


Probably the best-known meters in the 
world, universally accepted as standards of 
comparison. Model 40 covers 40 ranges, 
and Model 7 gives 50 ranges, including 
decibel scale. P - 

s. d. 


Model 7 ... 19 10 0 
Model 40 ... 1710 0 





“AVO” ELECTRONIC TESTMETER 
A new general-purpose testmeter, basically 
a highly stable D.C. valve millivoltmeter. 
Will measure up to 10,000 volts D.C. and 
2,500 A.C., with negligible current drain. 
R.F. voltage measurements up to fre- 
quencies in excess of 200 Mc/s. Built with the 
usual ‘‘AVO’’ engineering accuracy and 
attention to detail. 0/250 mV to 10,000 volts 
C. in 16 ranges. 0/1! volts to 0/2,500 voits 
A.C. in 12 ranges. 0/25 microamps to | amp. 
D.C. current in 10 ranges. 0/5 mW to 
5 watts in 12 ranges in each of six internal 
load resistances between 5 and 5,000 ohms. 
Insulation test, 0.1 megohm to 1,000 
R e: 0.2 ohms to 1,000 
ohms, with mid-scale reading of 16 ohms ; 
20 ohms to 100,000 ohms with mid-scale 
reading of 1.600 ohms; 2,000 ohms to 10 
megohms with mid-scale reading of 160,000 
ohms. A.C. mains operated 230 volts, 
50 cycles ... asi BS ... €35 0 








“ AVO” VALVE TESTER 
In two units, comprising meter and control 
panel, and valve test panel. Direct reading 
of mutual conductance, cathode/heater 
insulation of hot valves and emission of 
diode rectifiers, etc. Facilities for checking 
inter-electrode ‘‘shorts’’ and filament 
continuity. Complete with instruction 
booklet and comprehensive valve data. 
£16 10 0 





“AVO” TEST BRIDGE 

Direct reading of resistance and capacity on 
seperate logarithmic scales, using a valve 
volemeter as indicating device Three 
ranges: Resistance, 5 ohms—50 megohms; 
capacity, 5 pF—5S0O microfarads (accuracy 
plus or minus 5% except at scale extreme). 
Valve voltmeter 0.1-14 volts r.m.s. up to 
medium broadcast frequencies. Approxi- 
mate indications of per cent. power factor 
and leakage are available. Measurements of 
L.C. and R. can also be made, using external 
standards ... ; va ees Ei 0 





COLLARO GRAM MOTORS £ 


AC47. A Synchronous motor, 
complete with magnetic turn- 
table ant control and vaste 
A.C. only . 40 ire aie 
UNIVERSAL 
As above but A.C./D.C. 
AUTOCHANGE 
Takes 8 mixed 10 in. and 12 in. 
records 
PICK-UPS 
Connoisseur Moving Coil with 
transformer ‘ ie a 
Marconi 14 with transformer ... 4 
Marconi I4A less transformer ... 3 
Lexington Senior with trans- 
former ... 9 
Rothermel Crystal Senior 3 
Rotherme! Crystal U48 1 
Rothermel Crystal $8... CER 
Rotherme! Crystal Si2 ... Sab ; 
6 
8 
6 
7 
! 


ODMH 


Wilkins & Wright 
LOUDSPEAKERS, !2 in. 
Goodman Single Cone ... 
Goodman Double Cone 

B.T.H. Single Cone a 

Vitavox 12/10 Single Cone 10 watts 
Vitavox 12/20 Single Cone 20 watts I 


scoooeoo o28@00-— 


STOCK ITEMS 


FROM 


TELE-RADIO 


"Phone: PAD 6116/5606 


AMB 5393 





WELWYN RESISTORS, 1% and 5% 
}-watt, 8d. each; 4-watt, 9d. each; 


1/- each; 2-watt, 1/6 each. 


|-watt, 


We are pleased to announce a new SERVICE. 
% Resistors—High Stability at a NEW and 


attractive price. 

°% All wanted values in stock. 
1% All wanted values in stock. 
}-watt, 2/- each; 
2/6 each; 2-watt, 3/- each. 


4-watt, 2/- each; 


|-watt, 





TELEVISION PRE-AMPLIFIER 


A new specially designed pre-amplifier for 
improving the signal strength of television 


reception on either sound or vision channel. 
5 


(1) Ready wired and tested 
(2) All components and ready 
drilled chassis circuit free 


(3) Circuit ... each 


£1 15 Il 
6 








* HAYNES ”—“« WODEN ” 


Haynes Scanning Coil, Type 
No. S912... 

Haynes Focus Coil, 
No. F912H .. 

Haynes Line Output. Trans- 
former, Type No. TW6/126 

Haynes EHT Transformer, 
Type No. TJ18/4000 ; 

Woden EET! Mains Trans- 
former 350-0-350, 250mA ; 
plus heaters, potted type 

Woden EHT Mains Trans- 
former potted type EET2 _,, 
FOR THE BEST 


RESULTS USE 
COMPONENTS 


each 
Type 


36 0 
36 0 
70 4 


98 6 
63 0 


*“ TELEVISOR ” 
APPROVED 





SHOP HOURS 


MON. TO SAT. 9-5.30 


THURS. 9-! 





TAYLOR ALL-WAVE = 
GENERATOR, MODEL 65 

Self-contained modulated oc with 
direct frequency calibration from 100 Ke/s. 
to 46 Mc/s. in six bands—the highest being 2 
harmonic calibration of the previous band. 
Accuracy plus or minus 2%. Output con- 
tinuously variable to 100 mV and up to 
| vole, c.p.s. dulation signal 

for separate use. Complete with output 
lead and instruction book .. £15 10 0 








THE TAYLOR OSCILLOSCOPE, 
MODEL 30A 


CATHODE RAY TUBE. A 34 in. tube 
having a green fluorescent screen and 
electrostatic deflection is used in this 
instrument. 
AMPLIFIER. A push-pull amplifier for the 
vertical plates is fitted and provided with a 
switch to give ratios of 1, 10 and 100 in 
ation e amplifier is designed to 
cover the audio frequency range, and useful 
amplification is available up to 100 K/cs. 
LINEAR TIME BASE. A linear hori- 
zontal time base is provided with coarse and 
fine frequency oe covering a range of 
0,000 c.p.s. A switch-and adjustable 
control enable the time base to be 
synchronised either externally or to the 
mains supply frequency or by the signal 
applied to the vertical en 
Price Sup £29 10 0 








TAYLOR MODEL 85A 
A meter with 90 ranges, 20,000 ohms per 
volt on all D.C. and A.C. ranges. 0/0.05 to 
0/5000 volts D.C. in I! ranges. 0/1 to 0/5000 
volts A.C. in 9 ranges. 0/1! to 0/1000 output 
volts in 8 ranges. Decibels in 9 ranges. 
0/50 —_—or to 0/10 amps. A.C. and 
D.c. in 12 - 1 ranges. 0/2000 to 0/20 
gohms in e ranges. Buzzer for 
quick continuity test with roe? Ba 
tective hinged cover 








TAYLOR MODEL 75A 


0/0.1 volt to 0/1000 volts D.C. in 6 ranges. 
0/1 volt to 0/1000 volts A.C. in 6 ranges. 
0/1 milliamp to 0/5 amps. D.C. and A.C. 
Comprehensive resistance test. Buzzer for 
quick continuity work, : 

ohms per volt . £14 14 0 





THE ABOVE AND ALL TAYLOR 
EQUIPMENT CAN BE HAD ON H.P. 





* TELEVISOR ” SUNDRIES 
CHASSIS 

Complete with all screens, ganarion, etc. 
Drilled ready for assembly . £310 0 
VISION CHASSIS 
Drilled, with screens 


SOUND CHASSIS 
Drilled, with screens 


VALVES 
EBC33__..... 
on 


7 6 
oe 


17 6 


Price each 
11/7 
12/10 


ve 12/10 
HVRa/or 2A soe 24/ 
EFSO ‘ei 


4 
21/4 or ex-WD 7/6 

EASO 12/10 or ex-WD 6/6 
U22 8/3 
451U 
Pen. 46 ‘ re 
Pen. 45... 12/10 
CRT 9 in. Mazda CRM-92 each £11 
CRT 9 in. G.E.C. 6501 oo eee 
CRT 9 in. Mullard MW22-7 oo 4 
CRT I2in. Mazda CRM-12!1 ,, £15 
9 in. Rubber Mask. 

lack le 

White 
12 in. Rubber Mask. 

Black 

White 


coco oof wwewe 








TELE-RADIO (1943) LTD. 


177/201 


EDGWARE 


ROAD, 


"Phone: PAD 6116/5606. 


LONDON, 


AMB 5393 
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Electronic Engineering 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘‘Situations Wanted’? when it is added 
Replies to box numbers should be addressed to: 


advertisement. 


London, W.C.2 and marked ‘‘Electronic Engineering.” 


in the following issue. 


free of charge. 
Morgan Bros. (Publishers) Ltd., 28, 
Advertisements must be received before the 10th of the month for insertion 


Box number 2/- extra, except 
A remittance must accompany the 
Essex Street, Strand, 





SITUATIONS VACANT 
Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


A NUMBER OF CHEMISTS and: Physicists 
required for a new research station in Essex. 
Applicants should have a good degree in Chemistry or 
Physics, with preferably a few years’ experience in 
industrial research or development on electronics. 
Housing accommodation will be provided for the right 
type of keen and ambitious workers. Salary of £500- 
{700 per annum. Apply, stating age, qualifications, 
experience, etc., to Box 335, E 
 PHYSICISTS required for instrument research by 
West London aero engine manufacturers. Experience 
of industrial instrumentation desirable. Full details, 
walifications, experience and salary required to 
x No. A.C. 132, c/o Central News, 17, Moorgate, 
London, E.C.4. 


MEDICAL ELECTRONICS. A vacancy arises for an 
Electronic Engineer (sales) in the Electro-Medical 
Department of a large London company. The candi- 
date, in addition to px ing technical qualifi 

equal to final City and Guilds standard (Radio Com- 
munications), should be willing to travel, and should 
have some commercial acumen, as his duties are mainly 
concerned with technical/commercial sales of electro- 
medical equipment. Apply, in the first instance, in 
writing, stating qualifications, experience, age, etc., 
to Box 326, E.E. 

ENGINEERS required with experience in all branches 
of television transmission and reception. Specialisation 
insome of the following subjects is essential. (1) Wide 
bandwidth medium and low power transmission. 
(2) Video amplifier design. (3) Sync and scanning 
generators. Applicants should have had some years 
laboratory experience in the subjects outlined, and 
preference will be given to those holding recognised 
academic qualifications. London area. Apply in 
confidence, giving age, details of education and 
experience, and salary required, to Box 341, E.E. 


RADAR ENGINEERS required to operate from 
London headquarters for installation and maintenance 
of marine installations home and overseas. The 
essential qualifications are: practical knowledge of 
electronic circuits and equipment, ability to work 
without supervision after training, and resourcefulness, 
Initial salary according to experience. Box 342, E.E 


THE ENGLISH ELECTRIC VALVE COMPANY 
invites a for a Valve Engineer for the 
research laboratory. This is a senior appointment 
calling for an essentially practical man with wide 
experience in the design and manufacture of electronic 
tubes. A Science Degree, together with a knowledge 
of photo-electric processes would be advantageous. 
The applicant should be a good organiser and capable 
of controlling staff. Remuneration will be according to 
age, qualifications and experience. Apply, giving full 
details of age, qualifications and salary required to 

tral Personnel Services, English Electric Co., Ltd., 
Queens House, Kingsway, W.C.z2. 


DESIGNERS with experience of radio components 
tequired by large company in East London area. The 
Positions carry responsibility and are in connexion 
with long-term development. Applicants should have 
experience in or specialised knowledge of radio, 
communication, component or tuning coil design. 
Write, a qualifications, experience, age, and 
Salary required to Box 343, E.E. 


GENERAL ELECTRIC CO., LTD., Research 
Laboratories, North Wembley, Middlesex, require 
men with Higher National Certificate or equivalent 
qualifications and with some factory: or laboratory 
experience for work in connexion with the development 
and manufacture of electronic devices. Knowledge of 
vacuum or high-voltage techniques an advantage. 
Apply by letter to the Director, stating age, experience, 
academic qualifications. 


VALVE ENGINEER. 


ye) 
tion 





Well known firm has a 
vacancy for an Engineer in the Transmitting Valve 
Department. Successful applicant must have had 
experience in all branches of the manufacture of valves 
up to 20 KW of anode dissipation, and must be capable 
of conducting and supervising development of new 
types. Some experience of circuitry an asset. Salary 
600 per annum approximately, depending upon 
ability and experience. Write, with full details of 
Qualifications and experience to Box 344, E.E. 


4 


ELECTRONIC DRAUGHTSMEN required by 
large manufacturer of radio and allied equipment 
situated in the East London area. Suitable applicants 
should have previous experience of this work and 
technical qualifications to National Certificate or 
equivalent. State age, experience and salary required 
to Box 346, E.E. 


TECHNICAL ASSISTANT required for the 
Electroencephalographic Department of a Hampshire 
hospital. Applicants should have sound knowledge of 
radio and, preferably, some knowledge of physiology. 
Salary according to experience and qualifications, but 
not less than the scale recommended by the E.E.G, 
Society. (This appointment has not been previously 
advertised.) Box 347, E.E. 


TWO SENIOR DEVELOPMENT ENGINEERS 
required by well known company in Essex. Con- 
siderable experience in theory and design of V.H.F. 
transmitters up to powers of 200 watts or on V.H.F. 
receivers are essential requirements. Applications, 
giving age, qualifications, experience, and _ salary 
required, quoting Ref. No. 133, to Box 348, E.E. 


DRAUGHTSMAN (Junior) to assist in the planning 
of factory plant layout, structural alterations and 
services in connexion with manufacture of X-ray 
equipment. Apply by letter only. Newton Victor, 
Ltd., 68, Ballards Lane, N.3. 


LEADING MAKERS of industrial electronic equip- 
ment require, for Greater London area, competent 
Service, Installation and Sales Engineer of g' 
personality and training. Experience in handling 
radio transmitters desirable. ust drive. Own car 
an advantage. Write full details. Box 352, E.E. 


CIRCUITRY ENGINEERS with an Honours 
Degree and, preferably, with some years experience 
in telecommunications are required for research and 
advanced development work. Apply to the Director, 
Research Laboratories of the General Electric Co., 
Ltd., North Wembley, Middlesex, stating age, experi- 
ence and academic qualifications. 


SALES ENGINEER required to specialise in electro- 
chemical equipment. Experience in comparable field 
and good technical knowledge essential. Excellent 
prospects with London ‘Company manufacturing 
scientific instruments. Salary according to experience. 
Box 350, E.E. 


JUNIOR DRAUGHTSMAN or DRAUGHTS- 

WOMAN required, age 18 to 22, for detailing and 

development work in drawing office attached to radio 

laboratory in S.W. London area. Experience of public 

address equipment an advantage. rite, stating age, 

ree 5 peg and salary required to Box 
E771, L.P.E., 110, St. Martin’s Lane, W.C.2. 


DESIGNER DRAUGHTSMEN are required by 
company engaged upon the development and pro- 
duction of electronic equipment whose factory is 
within a 25 miles radius north-west of London. 
Applicants must have Higher National Certificate in 
Electrical Engineering, Mechanical Engineering and 
shop experience. Previous experience of electronic 
and communications equipment an advantage. 
Write, stating age, qualifications, previous experience, 
and salary required, to Box 349, 


MECHANICAL ENGINEER with factory and 
drawing office experience capable of undertaking 
responsibility and design of radio and television 
apparatus. Preference will be given to applicants of 
28 years of age and over who have completed a 
recognised apprenticeship and who are of Higher 
National Certificate standard. Salary offered will be 
according to qualifications and experience. Apply in 
the first instance for a form of application to Works 
Personnel Officér, Philips Mitcham Works, Ltd., New 
age Mitcham Junction, Surrey, quoting the reference 
“R3.” 


PATENT AGENT or TECHNICAL ASSISTANT 
required in Patent Department of Company engaged in 
manufacture of precision instruments, radar, etc. 
Knowledge of electronics and radar technology desir- 
able. Salary according to qualifications and experience. 
Full details to Personnel Manager, gg A G cope 
Co., Ltd., Great West Road, Brentford, Middlesex. 


BRITISH ELECTRONIC PRODUCTS (1948), 
LTD., invite applications for the following positions 
in an expanding organisation specialising in the 
development and manufacture of electronic equipment 
for industrial applications. (a) Circuit Design 
Engineers capable of imaginative design work in the 
industrial electronic field when presented with a 
problem of specialised application. Experience of 
servo and automatic control systems and of electronic 
circuits generally is necessary and some heavy elec- 
trical engineering experience an advantage. Basic 
physics knowledge must be sound. (b) Layout 
Design Engineers capable of quickly designing a sound 
engineering product from an original circuit. As the 
equipment is for application in industry, applicants 
should have experience in both industrial and electronic 
fields, be capable of interpreting customers’ require- 
ments and guiding final designs through production. 
(c) Precision Mechanical Designers with experience 
in the electrical and electronic fields. Basic physics 
knowledge must be sound. Applicants must be capable 
of producing a suitable design when presented with a 
specific problem in the conversion of physical 
phenomena into electrical impulses. The organisation 
is progressive, and is pleasantly situated in the Stafford- 
shire countryside. Applicants should write in the 
first instance, giving details of age, education, qualifica- 
tions, experience in chronological order, and salary 
required, to the Chief Engineer, British Electronic 
Products (1948), Ltd., Brereton Road, Rugeley, 
Staffordshire. 


THE MEDICAL RESEARCH COUNCIL have a 
vacancy for a laboratory technician at their Neuro- 
logical Research Unit, National Hospital, Queen 
Square, W.C.1. Experience in electronics is essential. 
Initial salary would be on scale {£240 x £15—£315, 
with possibility of promotion to a higher grade. Lower 
pe on scale would be appropriate for man of 22. 
f candidates are associates of the Institute of Medical 
Laboratory Technology the initial salary scale would be 
higher. The appointment would be subject to a six 
months’ probationary period, and if this period were 
served satisfactorily, the: member of the staff would be 
brought on to a contributory superannuation scheme. 
Annual and sick leave would be given at the same 
rate as for analagous posts in the Civil Service. Applica- 
tions in writing, giving name, age, address, and full 
details of scholastic and subsequent career, and the 
names and addresses of two qualified referees with 
whom the candidate has worked, should be sent to 
the Director, Neurological Research Unit, National 
Hospital, Queen Square, W.C.1. 


E.M.I. ENGINEERING DEVELOPMENT offer 
outstanding opportunities for experience and advance- 
ment in development work in many branches of 
electronic engineering, including major radar projects, 
radio communication, television receivers, audio- 
frequency engineering, radio heating, etc. Applications 
will be welcomed from men with Engineering or 
Physics Degrees or the equivalent, with design experi- 
ence. Starting salaries £400 to £800, according to 
qualifications, experience and degree of responsibility. 
Senior Engineers are also required for cathode ray 
tube and klystron valve development, with degree 
qualification and some years experience in this or 
allied fields: also juniors for the same work with 
Inter-B.Sc. and, preferably, some practical experience. 
Send full details of experience and qualifications to 
Personnel Department, E.M.I. Limited, Blyth Road, 
Hayes, Middx. 


CHEMIST, PHYSICIST OR METALLURGIST 
required as deputy to chief technician for production 
control and development laboratories in the Swindon 
area. The work is connected with the manufacture and 
development of radio components such as electrolytic 
condensers, volume controls, iron’ cores and ceramic 

roducts, Applicants should have a University 

egree, with several years industrial experience. 
Salary in the region of £650 to £850 per annum, 
someting to qualifications. Please reply to Box 356, 





INDEX TO ADVERTISERS 
SEE PAGE 32 

















CLASSIFIED ANNOUNCEMENTS (Cent’d.) 


SENIOR TELEVISION DEVELOPMENT 
ENGINEER required by well known manufacturers in 
the London area. Candidates preferred with Engineer- 
ing Degree or equivalent qualifications, and wide 
experience of television receiver design for mass 
production. Write Box 357, E.E. 


LARGE ELECTRICAL ENGINEERING FIRM 
in South London has vacancy for Senior Design 
Engineer. Applicant must have experience in produc- 
tion design of electronic equipment. He should also 
have sound technical background in oo gay design. 
Good salary according to qualifications. Apply in 
as to Box EE782, L.P.E., 110, St. Martin’s Lane, 
W.C.2. 


SENIOR MECHANICAL DRAUGHTSMAN. The 
South-Western Division of a leading company in the 
electronic equipment field — ire a draughtsman 
(age 25/40) for work in their Development Drawing 
Office. Applicants should have had experience in 
laying out and detailing electronic equipment, be 
capable of preparing quickly and accurately sketch 
drawings at development stage, and of making (with 
a minimum of supervision) full manufacturing draw- 
ings for production runs. Salary according to qualifica- 
tions and experience. Full details to Box 361, E.E. 


APPOINTMENTS NOW VACANT for technical 





personnel. Radio, television, communication, elec- 
tronics, speakers. Preference to B. Sc., H.N.C., C. & G. 
Ex-T.R.E., R.R.D.E. staff considered. Write for 


Technical Employment Agency, 


application form. 
BRIxton 3487. 


179, Clapham Road, S.W.9. Phone: 


WAYNE-KERR have vacancies for a Design 
Draughtsman with varied experience in the electronics 
field and a Detail Draughtsman with some experience 
of radio and electronic equipment. Apply stating 
Ta Wee and salary required to the Chief Designer, 

he Wayne-Kerr Laboratories Ltd., New Malden, 
Surrey. 





SITUATIONS WANTED 


KEEN, ENERGETIC young man (21) A.M.I.E.T., 
studying for A.M.Brit.I.R.E., requires position 
with prospects in radio industry, television preferred. 
Box 355, E.E 


GRADUATE ist class Hons., age 28, 6 years R.A.F., 
seeks research or development post in electronics or 
radio. London area preferred. Box 354, E.E 


EX-R.A.F. Wireless Electrical Mechanic, 8 years’ 
experience air and ground radio, seeks work in radio or 
electronics. Good Service reference, young, keen, and 
willing to learn. Box 358, E.E. 


YOUNG RADIO ENGINEER, 28 years, Swiss, 
wants position with industry or wholesale firm in 
England or Scotland. Long industrial experience and 
repair work. Has Degree for Physics and Chemistry. 
Personal presentation possible very soon. Apply 
Box OFA 4945 CH, Orel Fussli-Annonces, Zurich 
(Switzerland). 


RADIO ENGINEER, 22, Grad. Brit. I.R.E., seeks 
junior post London area. Minimum wages. Anything 
considered. Box 351, E.E. 


PHYSICIST-RADIO ENGINEER, Ph.D., B.Sc., 
seeks change of post, preferably within London area. 
Wide experience in mathematical physics, electron 





optics, vacuum technique. Would consider other 
fields. Box 359, E.E. 
EDUCATIONAL 


NEW METHODS IN RADIO SERVICING. 
Full details and publication, ‘“‘ Modern Radio 
Servicing” free. B M/CIRCUIT, London, W.C.1. 


A.M.L.E.E., City and Guilds, etc., on ‘‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 
Electrical oe send Me = 112-page handbook 
—FREE and post . (Dept. 337B), 17, 
Stratford Place, iets we W. — 





SERVICE 


LOUDSPEAKER re British, American, any 
make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. 


Electronic Engineering 


REWINDING. A specialist winding service covering 
A.F. transformers, relays, solenoids, and to specifica- 
tion. S.T.S., Ltd., 297/29 High Street, Croydon, 
Surrey. Telephone : ROydon 4870. 


ELECTRICAL / ELECTRONIC MANUFAC- 
TURERS can undertake development work or 
manufacture of prototypes. Consultants on all 
electrical, electronic and electro-mechanical problems. 
Box 360, E.E. 


E.E. TELEVISOR. We offer a service for the testing, 
alignment and fault tracing for constructors of the 
above. Skilled engineers. Free estimates. All 
components available. ‘‘ Tele-Rad,” 35, Bedford 
Place, London, W.C.1. MUSeum 3878. 


RADIO MANUFACTURERS can __ undertake 
development and assembly of radio or electronic 
equipment. Winding shop with vacuum impregnation 
a Ample space and labour available. Box 316, 





MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2, GERrard 4447. 


PHOTOGRAPHY. We specialise in advertising and 
catalogue-photography, and in series photographs for 
instruction sheets. Our pictures tell the story. Behr 
Photography, 44, Temple Fortune Lane, N.W.11 
(SPEedwell 4298). 





FOR SALE 


WEBB’S 10948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post 9d. 


IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. 


TELEVISOR PARTS. Vision and sound panel 
chassis, time base and power base chassis, all resistors 
(Erie) and T.C.C. condensers, exactly as specified for 
TELEVISOR. Belling and Lee components, etc., etc. 
Everything in stock. Trade only. Petter Radio 
Supplies, 203, Forest Road, Walthamstow, E.17. 


1948 VADE MECUM listing 10,000 valves. Universal 
Services, 13, Newburgh Street, London, W.1. 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
soldering tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 
rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 


1 BRAND NEW complete M.S.S. recording machine ; 
I matching transformer; 1 B.S.R. 20-watt amplifier ; 
1 lightweight pick-up with permanent sapphire needle ; 
1 P.U. matching transformer; 20 cutting needles; 
24—5-in. blank discs; 30—8-in. blank discs; 15— 
12-in. blank discs; 25—6-in. blank discs; 30—10-in. 
blank discs; 1,000 trailer needles; 1 Lustraphone 
M.C. microphone and table stand. All brand new 
and very little used. What offers? Box 333, E.E. 


RELAYS, RELAYS, RELAYS, 150 types, also 
12/24V cut-outs, starter switches. Telephone com- 
ponents, carbon insets, switch keys, jacks, plugs, 
selector switches, handsets, cords, 44V solenoid with 
ratchet action, drop indicator jacks. lock condensers 
including 250 ‘mF. 6V electrolytic. High-speed relays. 
12/24V indicator lamps, jacks and lenses. Jack Davis, 
eo E.E., 30, Percy Street, London, W.1. MUSeum 
7960. 


IN22 CRYSTALS, 3s. 6d. ; telescopic copper aerials, 
38. 6d.; A.C. rectifier meters 0-100, 10s. 6d.; con- 
densers, 48. dozen mixed; potentiometers, wire 
wound, 11s. 6d. dozen. Send requirements, H. White, 
155, Humberstone Road, Leicester. 
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5-VALVE SUPERHET RECEIVERS, America 
lightweight aircraft type, 6-9 Mc., also availabe® 
3-6 Mc. and 190-550 Ke. Easily converted medium 
waves. One hour’s work converts to standard a.<¢, 
D.C. operation. Operate loudspeaker or phones (no 
provided), price, 57s. 6d. Full instructions for cop. 
version A.c./D.c. with all components, 17s. 6d. extn 
Post free. P. A. Marriott, 7, Lonsdale Road, N.W4, 


WAKE THE EASY WAY with the “ Reveille’ 
clock-radio, retails 12 gns., plus tax. Stamp fe 
leaflet. Thames’Valley Products, 28, Camden Avenue, 
Feltham. 


TELEVISION TRF tuners and video amplifier by 
Pye, 168s., with circuit. Television kits from 9 gn 
Complete ‘receivers, £35. Components, valves an 
coils stocked. Special amateur receivers, etc., fr 
sale this month; a.c./D.c. 5-watt amplifiers 21s. an 
32s. 6d.; 5-valve superhets, 75s. Leaflets fre, 
Many bargains for callers. Collins Radio, 655, Fulham 
Road, S.W.6. RENown 4178. 


SELSYN MOTORS, B.T.H. type SM1406 230V 
50 c.p.s., 33S. 9d.; Magslip transmitters, P.6547, 
27s. 6d.; receivers, A.P.6549A, 25s.; 3-in. resolver, 
27s. 6d.; all 50V 50 c.p.s. Linear potentiometer 
10-watt wirewound Berco Mro, 1K, 4s. 9d.; 50K, % 
All goods guaranteed and post free. Hopton Radiv, 
1, Hopton Parade, Streatham High Road, London, 
S.W.16. STReatham 6165. 


THE ENOCK AMPLIFIER is expressly designed tp 
obtain the highest standard of performance without 
regard to first cost. Total distortion, including nois, 
less than .1 of 1 per cent. at 12 watts output. Hun 
level less than — 75 db. Frequency response practically 
flat from 20 to 30,000 c.p.s. No electrolytic condenses 
used whatsoever. Inputs for radio and gram. (any 
type of pick-up). The pre-amplifier is a separate unit 
designed to mount on the control panel or motor-boari 
and contains all controls. It is low impedance coupled 
to the main amplifier. Thus flexible couplings and 
hum troubles due to Jong Jeads are eliminated. Price 
£75. Telephone or write for a demonstration. Joseph 
Enock, Ltd., 273a, High Street, Brentford, Middlesex. 
EALing 8103. 


THE MORDAUNT DUPLEX REPRODUCER, 
as used in the Enock instrument, is now available 
separately. Folded horn bass unit and new high note I 
reflector of original design, giving exceptionally smooth 

response from 40-20,000 c.p.s. Even distribution 
over.a wide angle. Reproduction has an ‘* atmosphere” 
and realism hitherto unattainable. Price 98 gns. or, 
in white wood skeleton form £88. Telephone or write 
for a demonstration. Joseph Enock, Ltd., 2734, 
High Street, Brentford, Middlesex. EALing 8103. 





THE ENOCK PICK-UP incorporates a diamond 
stylus, precision ground and highly polished to an } 
optimum contour. To reproduce the full flavour of | 
modern recordings this contour must retain its shape 
indefinitely within very close limits. Diamond is the | 
only known material which satisfactorily fulfils this | 
condition. This, therefore, is the basic reason for its | 
selection for use in the Enock Pick-up. Where absolute | 
constancy of shape can be relied on, less weight is | 
required at the needle point for correct tracking, 
which, in turn, permits lighter ‘‘ damping” of the 
movement. These three features reduce record wear 
to an exceptionally low level. These are only some of 
the reasons why the Enock Pick-up is the only possible 
choice for the discriminating user who requires con 
sistently the best possible results. A diamond stylus | 
finished to such fine limits is necessarily expensive and, | 
in actual fact, accounts for three-quarters of the price 
of £29 5s. for the Enock Pick-up (Patent No. 538058, 
others pending). Telephone or write for a demonstra 
tion. Joseph Enock Ltd., 273a, High Street, Brentford, 


Middlesex. Telephone: EALing 8103. 
PORTABLE WIRE RECORDER, made by pa | 
complete, £85. Box 353, E.E 

May 1942 to 


ELECTRONIC ENGINEERING. 
present issue. Offers to Box 345, E.E. 
COMPLETE CHASSIS WORK for Home-Built 
Televisor including all gantries, supports and screens. 
Time Base chassis and power pack chassis in steel, © 
stove enamelled grey. ision and sound chassis in © 
bright tin plate. Retail = £3 5s. Trade supplied. | 
Garland Radio, 4, Deptford Bridge, London, S.E.8. 
TIDeway 3965. 


TELEVISION. L.F. CHOKES FOR ELEC- , 
TRONIC ENGINEERING “ Televisor.” 5H, 300 
mA super shrouded job, brand new, boxed (Standard 
Telephones and Cables). Only gs. 6d. post paid. 
Austen, 28, Valebridge Road, icpes Hill, Sussex. 
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roth: fo —_——| | | | 
ily fulfils: the | (Vv) | (A) CY) | CY) | (Y) (may (ma! | (KQ) | 2 KL (W) 
reason for its eee el est 250 15 
eaphasre EY9I | Half-Wave Rectifier 63 | 0-42 (max) | — Tas MN aac ks Seetpon pam Gee Ely 
wa ot EC91 | V.H.F. Grounded-grid Triode 63 |03 (250 |— |-15 | 10 (85 | 100 | 12 |150; —| — 
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° EL9! | Output Pentode (1-4W Output); 6:3 | 0:2 (250 | 250 —_ 6 |26 2 | 130 | 680! 16 | 1:4 
teby- Areal | ECC9! | Double Triode ; | (sl-¢2) | 
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May ggg MULLARD ELECTRONIC PRODUCTS LIMITED - Century House, Shaftesbury Avenue, London, W.C.2 
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RATED FOR DEPENDABILITY 
The MAZDA 10F9 





I.F. stages of small transportable receiving equipment. 





It is fitted with the new B8A base and has 





a maximum overall length of only 67 mm. 











RATING 
Heater Voltage (volts) - - - - - - - - = 13.0 Other Valves in the AC/DC Range 
Heater Current (amps) - - - - - - - - - 0.1 include : 
Maximum Anode Voltage (volts) - - - - - - 2§0 10C1 T/Hep. Freq. Changer 
Maximum Screen Voltage (volts) - - - - = - 250 . 
Mutual Conductance (mA/V) - - - - = = = *2.3 10LD11 D.D. Triode 
Maximum Cathode Current (mA) - - - - = - 10.0 
10P13 Output Tetrod 
*Taken at Va=175; Vg.=100; Vgi=—2.5V sina Fain a P 
.W. Rectifier 
LIST PRICE 13/- Full details on request 
(Plus Purchase Tax) 





SDISWA 


MAZDA ava DIO 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARFNG CROSS ROAD, LONDON, W.C.2 
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VALVEHOLDERS 


Used by all leading set manufacturers 


’ The Clix B8A valveholder is fitted as standard equipment in most 


modern radio and television sets. It is designed to give maximum 





ease of fitting and minimum capacity and contact resistance with the 
| new all-glass B8A valves. The plated pin sockets eliminate corrosion 
and make the valve easy to insert or withdraw, but when it is in the 
holder, the valve is held firmly by the patent Clix retaining latch. Saddle 
and screen are also plated to reduce contact resistance. The body of 
the holder consists of a robust moulding and all dimensions are to 


| British Standard Specification : Fixing centre 14”. Hole diameter }”. 


Clix Valveholders are protected by British and Foreign Patents. 


THE GENERAL ACCESSORIES CO. LTD. 


Manufacturers of Good Electrical Accessories since 1896 


21 BRUTON STREET, LONDON, W.1 Phone: MAYfair 5543 





Electronic Engineering 


Switch problems — how easy they 
become when you know how and where ! It’s 
the knowing that matters. Because any switch 
as perfect as the OAK, must have behind it 
specialist resources of design, tooling and 
production — plus experience. And at British 
N.S.F. we have lived switches morning, noon 
and night for longer than we care to remember. 
Your switch problems are likely to come easy 


Manufacturers under licence of Cutler-Hammer Appliance Switches. 


to us, and where standard types would not be 
suitable, we can place unique resources at your 
disposal for special developments. 


All OAK switches embody the OAK equalised 
pressure, double-contact clips and the OAK 
floating rotor. These exclusive features are the 
ultimate in switch design— maintaining a 
mechanical and electrical efficiency that gives 
long life and trouble-free operation. 

@ N.S.F. Oak Switches are genuine only when bearing Pat. Nos. 


478391 and 478392 with the ‘“‘N.S.F. OAK’’ mark. Manufactured 
under sole licence of the Oak Manufacturing Co. Ltd., Chicago. 


Products include Potentiometers, Paper Capacitors, etc., etc. 


OAK 


SWITCHES 


BRITISH N-S-F CO - LTD - KEIGHLEY . YORKS. . 


London Office : 9 Stratford Place, W.1 


@ WITH THESE EXCLUSIVE FEATURES 


—DOUBLE CONTACT CLIPS 


— FLOATING ROTORS 
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Telephone : MAYfair 4234 
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Suitable for operation as relay tubes where the mean current 
does not exceed 5 milliamperes. 
Operating Characteristics. K3 K3A 
Anode voltage 135 135 
Trigger Breakdown voltage 79-84v. 85-95v. 
Anode current (continuous) 5mA max. 5mA max. 
Anode current (intermittent) 54 oy: > one 
Trigger current 4/uA max. 4/uA max. 
Recommended static bias TW. 7T5v. 
| Gas filling Neon Argon 


The K3 is supplied housed in a metal container, on an English 4 pin base. The 
K3A is supplied unmounted but with standard type valve caps for connecting purposes. 


FERRANTI LTD. 


t ELECTRONICS DEPT. MOSTON MANCHESTER 10 





4234 
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MEASURE YOUR COMPONENTS 


ON THE 


MUIRHEAD IMPEDANCE BRIDGE 
4 gives answers without ambiguity 


RANGES: 


D.C. RESISTANCE : 


0:00! ohm to I-11 Megohms. 


CAPACITANCE: | wu to 100 uF 
DISSIPATION FACTOR: o-!-2. 
INDUCTANCE: | wi to !000 H. 


MAGNIFICATION FACTOR: 0-60. 





TYPE D-197-A 


FEATURES : 


f Resistance and reactance standards. 
BUILT- | 1 kc/s oscillator and bridge amplifier for A.C. measurements. 


IN Rectified A.C. source and sensitive centre-zero galvanometer for D.C. 
resistance measurements. 


PROVISION FOR USE OF EXTERNAL GENERATOR FOR A.C. MEASUREMENTS UP TO 10 KCjS. 
PROVISION FOR USE OF EXTERNAL GALVANOMETER. 

MECHANICAL INTERLOCK BETWEEN DIALS DISPLAYS ONLY ONE ANSWER. 
ELECTRONICALLY OPERATED WAGNER EARTH. 

ALL - MAINS OPERATION. 


Full. details in publication C-104-A—which will gladly be sent on request 


Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


C.R.C.73a 
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N FW ‘ FOUR WAY 

ag ELECTRONIC MIXER 
This unit with four built-in balanced and 
screened microphone transformers, normally 
of 15-30 ohms impedance, has five valves and 
selenium rectifier supplied by its own built-in 


screened power pack. Consumption, 20 
watts. 


Suitable for recording and dubbing, or large 
P.A. Installations, since it will drive up to 6-50 
watt amplifiers, whose base dimensions it 
matches, normally for output line of 20,000 or 
less load, since ample feedback is used. 


30 watt Record Reproducer 


This amplifier has been produced for extremely high 
quality gramophone or microphone quality in large 
halls or in the open. An output power of 30 watts is 
obtainable at under | per cent. distortion after the 
output transformer which is arranged for 4, 74 or 51 
ohm output. The most noticeable point is the 
absence of background noise or hum. 


Very generous feedback is employed to help cancel out 
any distortion developed by the speaker and the large 
damping factor ensures good transient response. The 
usual response of 30 to 25,000 cycles plus or minus 
4 db is given, and recording compensation of 5 db per 
octave lift below 300 cycles is obtainable on the 
gramophone input by means of a switch. A carefully 
balanced treble control is arranged to correct top lift 
on some recordings as well as to reduce scratch on old 
records without noticeable effect on frequencies 
below 3,500 to 4,000 cycles. The input is intended 
for the high fidelity type of pick-up and is fully loaded by an input of 0.2 volts on 100,000 ohms or } megohm as required. 
The microphone stage if fitted requires an input of 0.3 millivolts on 15 ohm through the wide response mu-metal shielded 
microphone transformer. An octal socket is fitted at the rear of the chassis to provide power for feeder units, etc. 6.3 volts 


at 2 amps, and 350 volts at 30 milliamps is available. 
As illustrated. PRICE 30} gns. 





10 WATT RECORD REPRODUCER WITH MICROPHONE STAGE, IN CASE... PRICE 25} gns. 
SUPER FIFTY WATT AMPLIFIER ... an +d isis “a ... PRICE 36} gns. 
CP20A for A.C. MAINS and 12 VOLT BATTERY ... wile és PRICE £28 Os. Od. 


257/261, THE BROADWAY, 


6 
gone WIMBLEDON, LONDON, S.W.19 
LIMITED Telephones: LiBerty 2814 and 6242/3 


Telegrams: ‘“‘VORTEXION, WIMBLE, LONDON” 
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Break before make. This is an ideal Switch for use in any 
equipment where up fo six circuits have been selected, and where 
the Switch must essentially be a non-shorting or break-before-make 
type, as for instance, where different voltages are selected on each 
circuit. On 2 wafers it provides 2 poles, giving 6 positions at 60° 
intervals. This double spacing ensures a definite break between a 
given position and those adjacent to it. Thus an operating circuit 
is completely broken before the next is selected. 


WALTER INSTRUMENTS LTD., GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 -2-3 


WALTER Type 40 


Fy F gt 
Fs *§ 
S Be Ww s 
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Made in Three 

Principal Materials 
FREQUELEX 
An insulating material of Low Dielectric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 
PERMALEX 


A High Permittivity Material. For the 


construction of Condensers of the small- ~— 
est possible dimensions. 
TEMPLEX 


A Condenser material of medium per- { 
mittivity. For the construction of : 
Condensers having a constant capacity } 
at all temperatures. 








BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, E.C.4 
Telephone: Mansion House 997! (3 lines) Telegrams: ** Bullers, Cannon, London”’ ° 
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FREQUENCY METER 


(ELECTRONIC TACHOMETER) 


for Research and Industrial use 





FREQUENCY METER. TYPE No. 726. 


Will provide direct measurement of frequency 
from o to 20 Kc/s. Most suitable instrument 
for measuring frequency source containing 
noise components, interference or harmonics. 
Reading accuracy of better than 1% of full 
scale and unaffected by mains voltage varia- 
tions of 10%. Input Signal Voltage of o-1 V. 
to 20 V. peak to peak. Wave form may be of 
any contour provided it does not pass through 
zero more than once every cycle. 

For use on power supply of s0 cycle A.C. mains, 


100-130 volts, 200-250 volts. 


HE need for measuring frequencies between the range of 
o and 20,000 cps. has become not only very common but 
also an extremely important problem in Research Laboratories 
and Industrial testing ; in almost every industry whether the 
application is concerned with mechanical effects (such as in 
tachometry or vibration studies) or in acoustic and audio work. 
In electrical and audio work the voltage examined is applied 
directly to the instrument, In the case of a mechanical effect it 
will be necessary to convert it into an equivalent voltage change 
by the use of an electromechanical pick-up device, in particular 
the Airmec Photocell Unit Type 724 designed for use with 


this instrument. 





AIRMEC LABORATORIES LTD. 





Works : High Wycombe, Bucks. 


19 CHARTERHOUSE ST., LONDON, E.C.! 
Telephone : Chancery 7843 
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MINIATURE TIME-DELAY SWITCHES 


Reliable, compact, bimetal switches, glass-sealed and 
evacuated, to operate after a time-delay (such as may be 
needed to allow valve-filaments to heat-up). The switch 
operates on 6.3 volts and switches in a maximum of 1 amp. 
at up to 380 volts AC or 600 volts DC. Time-delay 25 to 100 
seconds. Available unmounted (Type 2TQV) or with English 
miniature 4-pin base (Type 2TQVM). For full specification 


please write for Publication TV10/16. Other time-delay 
switches, Publication MS10/16. 


SUNVIC CONTROLS LTD. 


10 ESSEX STREET, STRAND, LONDON, W.C.2. 


TAS/SC 30,2 
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There is only 
ONE CORRECT ANSWER 


Use 





METAL RECTIFIERS 


for the power supply to YOUR electronic 
apparatus. 
Please write for literature to Dept. E.E. 10 
WESTINGHOUSE BRAKE AND SIGNAL CO., LTD. 
82, YORK WAY, LONDON, N.|I. 








CAREER 





/ 


“PLAN YOUR 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 





WRITE NOW for free booklet summarising 
the careers available in Electronics and giving 
particulars of Training Courses offered by 
E.M.I. Institutes Ltd. 


The booklet contains full details of :— 


@ Courses in Radio, Television, Radar, Tele- 
communications, and Industrial Electronics. 
@ Daytime, Evening and Postal Courses. 


@ Special Courses for candidates for Brit.I.R.E., 
I.E.E., and City and Guilds examinations. 


E.M.I. INSTITUTES LTD. 


Dept. 11, 43, Grove Park Road, London, W.4. 
Chiswick 4417/8 
E.M I. Institutes — the Training College with Britain's leading Electronic 
Organisation behind it. 


nar 4 














TRANSIENT EVENTS 
ARRESTED 


The first Avimo Oscillograph was a specially 
built Camera designed to provide records 
of Cathode Ray Traces to a scale which 
permitted accurate measurement, side by 
side, on continuous film, so that precise relationships could be determined. 
Success in this specialised field led to demands for Cameras to record other 
kinds of transient events, so that within the Avimo range listed below there 
are, to-day, Instruments to meet nearly any requirement of the Research or 
Laboratory worker. The wide experience gained in the course of this 
development is at your disposal and Avimo engineers will be glad to submit 
suggestions if you will state your problem. 








GROUP FUNCTION 
A. Continuous Recording. For recording oscillograph traces on 
|: 35 mm. or 70 mm. film 
B. Single Shot. For use where phenomena are constant. 
C. Combined Continuous Provides the functions of Groups A or B 
and Single Shot. as desired. 
D. Drum. For high-speed drum recording of high- 


frequency phenomena on 35 mm. film. 
E. Multi-Channel Recorders. With built-in Cathode Ray tubes for con- 

tinuous recording of up to | 5 traces. 
F. Instrumentation Cine. Provides a pictorial record of several 

variants over a period of time. 











There is no reasonable 
limit to the film sbeeds 
which may be provided 
and recorders of Groups 
A, B, C & D may be used 
in conjunction with any 
standard oscillograph, AVIMO LIMITED, TAUNTON (SOM.), ENG 
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To the 


-preseue... 






‘These TUFNOL 
gears and bearings 
work without oil’’ 








Even after standing unused for years, Fire 
Escape Apparatus must work freely in emergency. 
Yet oil would be detrimental to its working ! 
Therefore the gears and bearing bushes on this 
Davy Automatic Escape are made of TUFNOL. 


This is but one of the many instances 
where TUFNOL has “come to the rescue” in 
solving an awkward problem. Engineers in every or plant? 
industry are taking advantage of the remarkable 


properties of TUFNOL. 


Can TUFNOL improve 
your products 





Our Engineers will gladly help you. 


TUFNOL LTD - PERRY BARR - BIRMINGHAM 22B F U : N O a 
204 
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Avenues of Improvement 


HE mounting sales of television 

receivers in the U.S.A. and the 
reports of increasing numbers of 
television stations on the air might 
lead the casual observer to the con- 
clusion that this country is losing 
the acknowledged position of pre- 
eminence that it occupied before the 
War. 

The recent Olympic Games trans- 
missions have helped to restore to 
us a less distorted sense of values, 
but it has been left to the Editor-in- 
Chief of an American technical pub- 
lication to complete the process by 
showing us that all is not as well 
with their television as we had come 
to believe. 

In a provocative article entitled 
“Avenues of Improvement in 
Present-Day Television ’’* he turns 
the cold light of publicity upon the 
private life of American domestic 
television, and shows us aspects of 
the television scene that have 
hitherto remained discreetly in the 
background. 

In America a multitude of small, 
relatively low-powered stations are 
established under private ownership, 
all free to put their own individual 
interpretations, within fairly wide 
tolerances, upon the F.C,C,’s stan- 


dards. One result, as Mr. Fink 
points out, is that if a viewer adjusts 
his receiver to show a circle on the 
test-card of one station, the pat- 
terns of any others to which he may 
turn appear egg-shaped. In fact, 
this condition is so common that 
television has, to quote Mr. link, 
been termed ‘“‘ the science of the 
invariant transformation of circles 
into ovals.’’ This state of affairs 
is not apparent here with the 
present lack of alternative pro- 
grammes, and will surely never be 
allowed to arise in the future. 
Concerning the resolution of 
picture detail, Mr. Fink has some 
hard things to say about the failure 
of many television broadcasters who, 
through faulty adjustment, fail to 
get the best out of their equipment. 
He adds that ‘‘ in some quarters of 
the industry . . . the subject of cir- 
cuit responses has advanced} to the 
point of predistorting the signal to 
compensate for receiver  charac- 
teristics purposely made less than 
ideal for reasons of economy.’’ This 
practice of allowing for receiver 
shortcomings at the transmitter 
seems to be a dangerous one which, 
unless closely controlled, may exer- 
cise a_ stultifying effect on the 
progress of television picture 


quality. Rather, on the other hand, 
let the transmission engineers aim 
to maintain the best linear ampli 
tude and phase characteristics 
economically possible with avail 
able techniques, and on the other, 
let the manufacturers strive towards 
the same ends with their receivers, 
even if current economic considera 
tions. preclude the full use of the 
transmitted signal bandwidth. — In 
this way only, in the writer’s 
opinion, can immediate advantage 
be taken of improvements in trans- 
mitting and receiving techniques 
without rendering existing receivers 
obsolete. 

Mr. Fink’s article sets a new level 
in candid heart-searching, and one 
feels that it would be useful to 
follow his lead on this side of the 
Atlantic. At all events we are left 
in no doubt of the imperative need 
for installing the best in transmit 
ting equipment in our stations, and 
maintaining a strict control on its 
characteristics, if we are to avoid 
the pit-falls that America _ is 
encountering. 


A.E.S. 


* Donald G. Fink, Fellow LR.E., PreeJd. RE. 
Waves and Electrons Section, July 1948. 


+ Our italics. 
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A Transformerless 


Television Receiver 


The New 
Pye Model 
B.18.T 


HE Pye Model B.18 T television receiver, of which a photograph is shown above, is the first commercial receiver to be operated without 
Ta E.H.T. or H.T. transformer, with a consequent saving in weight and cost. The cabinet, which measures only 17} in. by 12} in. by 

123 in. deep, contains a Mullard 9 in. C.R. Tube with a loudspeaker mounted at the side, and only two controls at the front. The 
overall weight is 30 Ib. 


Receiver 
The vision receiver is a four-stage straight circuit with diode detector and one stage of video amplification. A diode noise limiter is 
connected across the V.F. input. 


The sound channel is derived from the third R.F. stage and has two separate amplifying stages before the diode detector. A noise 
limiter is fitted to this circuit also, and A.G.C. is provided. 


All the valve heaters are connected in series across the rectified H.T. mains supply, additional smoothing being provided for the later 
stages in the chain of heaters. A tapped series resistance and a Thermistor regulating resistance provide for mains adjustments between 
230 and 250 v. 

Time Base 

The line and frame scanning circuits are of the blocking oscillator type, and the primary of the line scanning transformer is auto- 
wound to give increased flyback voltage for the E.H.T. supply to the tube. The tube is focused by a permanent magnet with an adjustable 
shunt. 

The total number of valves in the receiver is 19. 


The front panel controls are for sound volume (with on-off switch) and brightness, the remainder of the pre-set controls being located 
inside the cabinet and accessible from the back. 


The price of the receiver is 38 guineas plus purchase tax. 


Although primarily designed for operation on A.C. mains of 230-250 V 50 c’s., the receiver will operate on lower voltages with a 
step-up transformer. 


The possibilities of operating this receiver on D.C. at 240-250 volts are at present being investigated, and if experiments are successful 
Messrs. Pye can claim to have produced the first ‘ universal ’ receiver. 
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Selecting Components for Broadcast Receivers 
Based on a paper read before the Radio Section of the Institution of Electrical Engineers, Nov. 5, 1947. 
By G. DAVID REYNOLDS, Ph.D. M.1.E.E.* 


(1) Introduction 


i occas applied to components to 
determine if they are suitable 
for use in a range of radio and tele- 
vision receivers come under three 
main headings: Mechanical, Elec- 
trical and Chemical: 


Under each of these headings we 
have three kinds of test: 


Measurement, such as mechanical 
or electrical dimensions; Life tests, 
in which the component is tested in 
some way representative of the 
effects of normal use over a period 
about five years; Peak-load or over- 
load tests. 


In testing any ‘anid com- 
ponent it is necessary to decide on 
the particular properties to be 
measured, on the life tests to which 
it must be subjected, and on any 
limit or breakdown tests. For 
example, a wave-range switch would 
be tested for contact resistance, 
insulation resistance, capacitance 
between contacts, and for operating 
torque, before and after a mechani- 
cal life test of several thousand 


operations, and before and after 
exposure to moist and_ corrosive 
atmospheres. The breakdown volt- 


age between contacts or groups of 
contacts and the torque required to 
shear off the stops at the end of travel 
would also be measured. After 
exposure to adverse atmospheric 
conditions the switch would be 
examined for corrosion, and for such 
faults as swelling of the Bakelite 
while wet, causing loosening of the 
contacts when the switch dries 
again. 

In designing any system of 
approval testing it must be borne 
in mind that limits and tests must 
be carefully specified in accordance 
with the limitations of both the 
component (or raw material) and the 
methods of test available. For 
example, in laying down the pro- 
perties of adhesive cotton tape it is 
possible to specify a limit for con- 
ductivity of the aqueous extract—as 
described in Section 4.1—provided 
the necessary apparatus is available, 
but where the apparatus is not 
available it is only possible to specify 
some vague quantity such as “ acid- 


° Sinighey Radio, Ltd. 





free’? which is merely a safeguard 


against the supply of a material 
with an unusually high acidity by 
normal commercial _ standards. 
Whenever a particular property of a 
component or raw material is con- 
sidered important, it is highly desir- 
able, in specifying it, to arrive at a 
quantitative limit whenever possible 
and to ensure that the apparatus 
for checking to that specification is 
available. 


(2) Mechanical Tests 


(2°1) Dimensions and Quantities 


The measurement of the size of 
an article and the position of 
its fixing centres is a necessary 
and usually quite straightforward 
mechanical test, and the apparatus 
for making such measurements 
should be part of the equipment of 
any testing laboratory. 

Simple machinery can readily be 
made for the measurement of torque 
on rotary components such as ganged 
capacitors, switches and variable 
resistors. On such components the 
acceptable limit of torque depends 
on the design, but the following are 
typical figures: 

Ganged capacitors ... 140-350 g-cm. 
Variable resistors 


(carbon) ............ 100-250 g-cm. 
Switches (on-off) ...... 1,200 g-cm. 
Switches 

(wave-change) ...... 3,000 g-cm. 


It is important to ensure that not 
only the driven members of tuning 
assembles have reasonable torque 
but also that the driving members, 
whether string or epicyclic drives, 
have an ample margin of torque 
available under all likely conditions 
of use. 

(2.2) Life Tests 


One of the principal problems in 
setting up mechanical life-tests is 
to make an assessment of the load 
to be applied and the number of 
operations which represent a 
reasonable life. -For example, take 
the familiar mechanical test which 
has to be applied to the tuning- 
control mechanism of a_ receiver 
before any new design can_ be 
adopted. If it is assumed that a 
regular listener changes from the 
Home to the Light programme and 
back again 10 times a day, then the 


control will be operated 3,650 times 
a year or nearly 19,000 times in five 
years, and if the listener lives in the 
northern area the control will be 
moved over quite a large part of the 
tuning scale from 261 to 449 metres. 
If the listener lives in the Midland 
area he will put less wear and tear 
on his main tuning control, but he 
will operate the wave-range switch 
each time he changes programmes. 
From these considerations, it was 
decided that a satisfactory tuning 
control should withstand 25,000 to- 
and-fro operations, and at the end 
of this test it should continue to 
work satisfactorily. Not only 
should it be free from obvious faults 
such as the breakage of string, but 
also that the mechanism should not 
slip or show serious wear or lose its 
calibration, and that the ganged 
capacitor should not become so 
worn as to suffer a change in capaci- 
tance law. 

For making tests on tuning con- 
trols it is necessary to have a 
mechanism for rotating the input 
drive shaft through any number of 
turns from 2 to 50 and back again; 
(see Fig. 1). The input drive from 
a suitable motor is coupled to the 
shaft on the right: this carries with 
it an electromagnet made from a 
loudspeaker field coil, and a sprocket 
which operates a lay shaft below it 
through a short length of chain. On 
the remote end of the lay shaft is a 
Bakelite gear wheel which drives 
another electromagnet which will 
of course, rotate in the opposite 
direction from the first. Between 
the electromagnets is a floating 
plate of steel, connected by splines 
to the output shaft, which passes 
through the second electromagnet 
and comes out on the left. It will 
be clear that when the right-hand 
electromagnet is energised the float- 
ing plate and the output shaft will 
rotate in the same direction as the 
input shaft, and when the left-hand 
magnet is energised the output shaft 
will rotate the opposite way. The 
changeover from one magnet to 
another is made by an ordinary P.O. 
relay; this is operated by the con- 
tacts in the left foreground of Fig. 1. 
The large disk on the left is driven 
by a 60:1 reduction gear from the 
output shaft and carries one fixed 
arm and one adjustable arm, each 









with an insulating pin, Assume 
that the clockwise magnet is 
energised; then the fixed arm on the 
contact disk will travel clockwise 
and the insulating pin in its tip will 
he brought up against the pair of 
contacts K: (Fig. 2) in the group of 
changeover contacts. The contacts 
make and energise relay A, which 
brings the anti-clockwise magnet 
into operation by changing over the 
contacts As, and holds itself by clos- 
ing contacts A:. The disk and out- 
put shaft reverse motion until the 
adjustable arm is brought up 
against the group K:, when the hold 
of relay A is broken and the clock- 
wise magnet energised again. The 
angle of rotation of the output shaft 
between reversals’ is very nearly 60 
times the angle between the fixed 
and movable arms on the disk, so 
that 2-50 turns can be conveniently 
obtained by adjusting the position of 
the movable arm. 

Volume controls, except where 
they are fitted with a mains switch, 
are probably not very often moved 
through their entire range, but they 
are frequently moved over that por- 
tion of track corresponding to a 
particular user’s range of normal 
listening levels on his local station, 
and since this particular piece of 
track will vary from one user to 
another it is obviously essential to 
test the whole track. Assuming 
something like 40 adjustments of the 
control per day, a test of 50,000 to- 
and-fro operations is used to 
represent five years’ hard use. The 
control is checked for resistance 
value, law, and noise before and 
after the test and at intervals 
during the test, and it is, of course, 
examined for mechanical wear. 

Variable resistors and_ rotary 
switches can be operated by a very 
simple mechanism, since their angle 
of rotation does not exceed 330°. 
Fig. 3 shows a suitable machine in 
which a faceplate has a slot carry- 
ing a pin and a link coupled to an 
arm on a second shaft. By adjust- 
ing the position of the pin in the 
slot the arm can conveniently be 
made to oscillate through any angle 
between 5° and 90°. On the same 
shaft as the arm is a gear which 
drives another gear on a third shaft 
at four times the speed, i.e., through 
an angle of 20° to 360°. The volume 
control or switch is coupled to this 
third shaft and driven at approxi- 
mately 30 cycles per minute. 


There is no generally recognised 
standard for the measurement of 
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Fig. 4. Circuit diagram of noise tester for volume controls. Relays are shown in the un-energised position. When they are energised, the long 
contact moves to the right and this is the normal position when the apparatus is switched on with no input signal 


noise in volume controls, and a local 
standard had to be devised. A 
potential of 20 volts is applied to 
the control, and the low-potential 
side and the slider are connected to 
an audio-frequency amplifier whose 
output is connected to a calibrated 
logarithmic potentiometer which 
feeds a simple diode voltmeter with 
a rapid rise and slow decay time- 
constant. The volume control is 
operated over its whole range at 30 
operations per minute, and the 
potentiometer can be adjusted to 
give a standard reading on the 
meter. The noise level is read off 
from its scale. Knowing the gain 
of the amplifier, it is possible to 
estimate the noise which would be 
obtained if the control were used in 
a particular design of radio receiver. 


Fig. 4 shows the circuit of a 
simple test apparatus for checking 
noise by this method and suitable 
for routine laboratory tests or for 
production inspection use. The out- 
put of the audio-frequency amplifier, 
rectified by two separate diodes, is 
used to operate two relays which 
control green and red lamps, and 
the circuit is so arranged that the 
red lamp operates on 10 times the 
input required for the green lamp. 
The apparatus is set up to a standard 
level by the pre-set potentiometer 
hetween the first two valves and 
any control giving noise above this 
limit trips the red lamp, while all 
normal controls of noise level down 
to one-tenth the limit will trip the 


green lamp. The green lamp is 
necessary because otherwise failure 
of the amplifier would prevent the 
red lamp operating, and all controls, 
good or bad, would be passed. With 
the system used in this instrument, 
normal good controls bring up the 
green light and bad controls the red 
light. It has been found that for 
the popular 1 megohm logarithmic- 
law control a level of 50 mV is 
satisfactory as a maximum in pro- 
duction. 

Gramophone pick-ups and changer 
mechanisms are tested by running 
them for several hundred hours. 
Tests to determine the record wear 
caused by a pick-up are essential 
and are most simply carried out by 
buying two copies of the same loud 
orchestral recording at the same time 
and playing one while keeping the 
other clean. The two may then be 
compared un a good gramophone 
after a suitable number of playings 
have been made. With modern 
light-weight pick-ups 200-300 play- 
ings should be possible before 
wear is noticeable, and it will often 
be found that wear is visible as a 
‘** greying ’’’ of the record surface 
at about the same time as it becomes 
audible on normal reproducing gear. 


(2.3) Peak-load and Overload Tests 


Peak-load mechanical tests are 
necessary to find out whether the 
equipment or component will stand 
up to the stresses applied in 
assembly, tn transit, or by the user 


of the completed equipment. 

The lead-out wires or tags of com- 
ponents suffer considerable deforma- 
tion during assembly operations, 
and the following three tests are 
essential : 

(a) A direct load test, in which 
the body of the component is held 
and the wire or tag is loaded with a 
predetermined acceptable load. For 
most normal-size components the 
minimum load should be 4 kg. 


(b) A bend test, in which the lead 
or tag is bent through 90°, back 
through 180° and then straightened. 
In doing this test, care should be 
taken to find out whether the leads 
are more vulnerable in one direction 
than in another. 

(c) A soldering test, in which the 
wire lead or tag is dipped into 
molten solder at 300° C. for 15 sec. 
Wires should be dipped so that the 
body of the component is $-inch 
from the surface of the solder, as 
nearly as may be estimated, and 
tags should be dipped over the area 
normally soldered. 

In all these tests it is essential 
that the electrical characteristics 
of the component be checked both 
before and after the test, because, 
although the lead-out connexion 
may not break or come adrift, it 
may be sufficiently disturbed to give 
indifferent contact so as to affect such 
properties as the resistance of a 
resistor or the power factor of a 
‘apacitor. 





Stresses applied in transit are 
difficult to estimate, but experience 
over some years has shown that 
small receivers which are easily 
handled may suffer shocks in transit 
corresponding to an acceleration of 
the order of 90 g. Where it is sus- 
pected that an assembly may 
be bent, loosened or even dis- 
membered by such an acceleration, 
it is tested where possible by mount- 
ing it on the end of a counter- 
balanced arm fitted on the shaft of 
a variable-speed motor and rotating 
it at imereasing speeds, stopping 
from time to time for examination, 
until damage occurs. It will be 
remembered that under these con- 
ditions the acceleration is given by 
or, and with a radius of 1 ft. an 
acceleration of 90 g. is obtained at a 
speed of 513 r.p.m. The surprising 
thing about this test is how few 
things are damaged by it, but it is 
advisable to have some sort of guard 
round the apparatus to cope with 
the components which do disinte- 
grate. 

Bump tests, using the standard 
bump test with a 1 in, square bar 
rotating at 120 r.p.m., described in 
Wireless Telegraphy Board Specifi- 
cation K113, together with drop tests 
of 3 to 4 ft. on packed sets and 
thorough transit tests are essential. 


Tests should be made on the 
torque, side pressure and end pres- 
sure (or pull) required to damage 
the controls. A reasonable mini- 
mum torque figure is 10 kg-cm. for 





controls without switches and 25 
kg-cm for controls with switches. 


3. Electrical Tests 
(3.1) Measurement Tests 


The majority of the measure- 
ments made in designing or select- 
ing components for radio equipment 
are straightforward, but there are 
some common measurements involv- 
ing special technique, and some of 
the apparatus developed for these 
measurements may be worth describ- 
ing. 

The contact resistance of switches, 
plug-and-socket connectors, valve- 
holders and other similar com- 
ponents falls between a few tenths 
of a milliohm and a few tenths of an 
ohm, and cannot easily be measured 
by conventional methods. In design- 
ing apparatus for this purpose, the 
following features were felt to be 
essential : 


(a) The potential applied to the 
contact should be only a few milli- 
volts, so that breakdown of dirt or 
tarnish films does not occur. 


(b) The potential applied should 
be alternating, so that the risk of 
electrolytic action on tarnish films 
is reduced. 

(c) It should be possible to cal- 
culate the calibration rather than 
have to calibrate the apparatus 
from standard resistors of such small 
value. 

(d) The apparatus must keep its 
calibration, because it is difficult to 
check calibration. 
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The circuit of the apparatus 
developed is shown in Fig, 5. The 
power valve Vi, in conjunction with 
the tuned circuit L:C:, oscillates at 
1,000 c/s. and a winding of a few 
turns coupled to Li passes a current 
of approximately 1 amp. through 
the 2-ohm resistor R:, and the 0.04- 
ohm resistor Rs in series. From the 
end of Rs two leads, separate from 
the input leads, are taken to a step- 
up transformer, a level-control R. 
and an amplifier V: which, in turn, 
feeds a simple diode voltmeter Vs, 
Cs, Ri, M. The gain of the amplifier 
is such that the 0.04 volt across R: 
will give a full-scale reading on the 
meter at a convenient setting of R:. 
In using the apparatus the level- 
control R: is so adjusted that the 
full-scale reading is obtained, and 
the contact to be measured is then 
connected across the 0.04-ohm resis- 
tor Rs. Since this resistor is fed 
from a source of relatively high 
impedance (2 ohms), it follows that 
if the contact resistance is 0.04 ohm 
the meter reading will be halved, if 
it is 0.01 ohm it will be reduced to 
one-fifth, and so on, so that a scale 
for the meter can easily be calceu- 
lated. It will be seen that the peak 
voltage applied to the contact is 
only 0.056 volt, and the only com- 
ponent in the apparatus which must 
remain stable is the 0.04-ohm resis- 
tor. It has been found convenient 
to mount this resistor in a small unit 
connected to the main chassis by a 
4-core cable, so that short leads can 
be used between the 0.04 ohm resis- 





. oe R, 33K VI Pen 45 j = 
C, 0.002 R, 2 V2 Pen 45 — - R oo 
. 32 R, 0.04 V3 DD4I C,° 50 R, 390K 
an R, 10K Ge R, 430K 
G ‘ss ae Meter 0-1 mA. ae | R, 43K 
‘ee R, 170 G a2 R, 1500 
ee R, 33K R, 560 
Gg mare R, 470K 
L, is a conventional output transformer, with the addition of Ve l “dl (000K 
a centre-tap. DI Ri, 470K 


T, is a mu-metal cored type, with a ratio of 50 : |. 


T, has a ratio of |: 1, and a primary inductance of about 8H. 
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tor and switches or other contacts 
that are already built into equip- 
ment. 


At the other end of the resistance 
scale is insulation resistance, where 
values between 10’ and 10” ohms are 
to be measured. There are various 
instruments available for this pur- 
pose, involving electrometer triodes 
and pD.c. amplifiers, but a suitably 
protected high-sensitivity galvano- 
meter in series with the resistance to 
be measured and fed from a 500-volt 
D.c. supply is convenient for most 
normal work. Fig. 6 shows the 
circuit used. 


The rectifier V: supplies 500 volts, 
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smoothed by Rs, Re, Rw and Cs Cs, Cs 
to the test component at ‘‘ x ”’ and 
the galvanometer system, in series. 
Using a galvanometer with a deflec- 
tion of 20 em/#A, one gets a deflec- 
tion of 0.1 cm. with a current of 
0.005 #A, corresponding to a resis- 
tance of 10" ohms. 


It is, of. course, essential to pro- 
tect the galvanometer from the 
effects of a short-circuit at ‘‘ x” or 
from the surge of charging current 
to a capacitor connected at ‘ x.”’ 
The protection is afforded by V:. 
The resistance R: in series with the 
galvanometer G is so chosen that 


it gives a voltage drop of about 
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4 volts for a current giving 14-2 
times full-scale deflection. The diode 
V: is provided with 4 volts delay 
from the voltage drop across R: and 
G. When the current applied to the 
galvanometer circuit exceeds some 
2 HA the diode V: conducts and 
shunts the galvanometer. The 
resistances Rs and Rs shunted across 
the network give ranges 1/10 and 
1/100 respectively of the most 
sensitive range. 


In measuring temperature co- 
efficients of inductance or capaci- 
tance the usual method is to con- 
nect the component to be measured 
as an element of the oscillatory cir- 
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cuit of a transitron or dynatron 
oscillator, and beat the output witha 
standard frequency. The frequency 
change as the component is heated 
from one temperature to another 
and cooled again, is measured by 
beating the beat-frequency with a 
standard audio-frequency oscillator. 
Some components show sudden 
changes of value during heating, 
and in order to ensure that such 
changes are not missed it is neces- 
sary to take frequent readings 
throughout the temperature cycle. 
Sets of readings taken in this way, 
and taken frequently, make a 
tedious and time-consuming job for 
an engineer, and in an attempt to 
make the process more nearly auto- 
matic, a frequency-drift recorder was 
developed. 


The circuit of this apparatus is 
shown in Fig. 7. The variable fre- 
quency is fed into the inner grid of 
V:, and the standard frequency, 
amplified by V2, is fed into the injec- 
tor grid of V:. A filter removes the 
radio-frequency components, and the 
beat frequency is amplified by V: 
and V.. <A diode Vs supplies a.c.c. 
to V2, V: and Vs. The beat-frequency 
signal passes from V. to the cathode- 
follower Vs, and from tappings on 
the cathode load of this valve con- 
nexions are taken to a telephone 
jack and to the limiter stage V:. 
From V; a beat-frequency signal is 
obtained whose amplitude is very 
nearly constant for a wide range of 
input to the grid of V:, and this 
signal is fed to a phase-splitter Vs 
and then to the “ flip-flop ”’ circuit 
Vs, Vw, which uses two high-slope 
R.F. pentodes. The principal charac- 
teristic of this circuit is that only 
one valve can pass current at a time 
and the two valves pass current in 
turn as they receive positive half- 
cycles from the phase-splitter. The 
output from one of the “ flip-flop ”’ 
valves is passed te a _cathode- 
follower, precautions being taken 
to keep the pulses square. From 
the cathode-follower the signal 
passes to the output valve Vr, 
through a_ resistance-capacitance 
circuit whose time-constant is short 
compared with the highest fre- 
quency the apparatus is desired to 
record. The signal arrives at the 
grid as a series of pulses, all of very 
nearly the same shape, irrespective 
of the beat frequency, and of fre- 
quency equal to the beat frequency. 

The valve Vu is biased to cut-off, 
and the mean anode current is pro- 
portional to the number of positive 
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pulses per second applied to the 
grid, so that the meter M can be 
calibrated linearly in frequency. 
The frequency range can be changed 
by shunting the meter. In the 
apparatus set up, a recording meter 
is used for M, and the frequency 
drift as the inductor or capacitor 
under test is heated and cooled is 
plotted automatically and can be 
examined at leisure. Using a 
double recorder it is possible to plot 
temperature of the enclosure at the 
same time. 


(3.2) Electrical Life Tests 


Electrical life-tests present quite 
a different problem from _ the 
mechanical life-tests in that it is 
usually fairly easy to decide how 
long a component should last-- 
usually 5,000 hours minimum—but 
it is difficult to accelerate the test 
without making the results difficult 
to interpret. Five years of frequent 
use of a wave-range switch can be 
compressed into a test lasting a few 
hours, but a 5,000 hours test, of an 
electrolytic reservoir capacitor must 
take 5,000 hours, which is nearly 
30 weeks. Any attempt to shorten 
the test by raising the working tem- 
perature, or voltage, or current, 
gives a result which cannot easily 
be related to the normal working 
conditions unless one has consider- 
able experience of the behaviour of 
the particular component when 
working under overload conditions. 

The technique of setting up elec- 
trical life-tests does not usually in- 
volve any special problems. After 
measuring the electrical charac- 
teristics of the various compounds, 
they are exposed to the conditions 
of temperature, voltage, current 
and so forth, for 5,000 hours and 
the electrical properties measured 
at intervals. Stability tests in 
inductors and capacitors are usually 
made by carrying out repeated tem- 
perature cycles over the maximum 
range the component is likely to 
meet in practice, and in_ such 
tests the frequency-drift recorder 
described in the previous section is 
of great assistance. 


(3.3) Electrical Overload Tests 


It is common practice in the pro- 
duction testing of electrical com- 
ponents to subject them for a short 
time (up to a minute) to two or even 
three times the maximum working 
voltage, but for the selection of 
components it is desirable to deter- 
mine the safety factor available and 
the form that failure from overload 
takes when it does occur. To this 
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end it is usual to carry out pro- 
longed tests at double voltage, tests 
under switching-surge conditions 
and voltage breakdown tests on the 
insulation of capacitors, trans- 
formers and similar components. 


4. Chemical Tests 
(4.1) Chemical Measurements 

In testing the cleanliness of tex- 
tiles and estimating the danger of 
their producing corrosion in trans- 
formers and similar apparatus, one 
of the most valuable checks is the 
conductivity of the aqueous extract. 
It has been fairly well established 
that any electrolyte is dangerous 
in the presence of even a very small 
trace of moisture, and neither the 
measurement of pH nor the direct 
method of titration for acid or alkali 
can be used to detect neutral elec- 
trolytes such as salts of the alkaline 
earth metals. The conductivity of 
an aqueous extract is, however, a 
very delicate check for any electro- 
lyte. 

The general method is described 
in B.S.683 and 698. A _ weighed 
quantity of paper or other textile 
is boiled with a measured quantity 
of pure distilled water, and the 
extract is placed in a conductivity 
cell with two cireular platinum 
electrodes arranged one above the 
other in a suitable glass or quartz 
container. The resistance is then 
measured by an a.c. bridge. The 
result is usually expressed as a con- 
ductivity in micromhos* per centi- 
metre cube. The conductivity of 
the water used for the test should 
be of the order of 1-2 mhos/cm..’, 
;and in order to achieve the purity 
necessary to obtain this lew con- 
ductivity it is essential to use a 
special distillation apparatus made 
entirely of fused quartz. When 
making tests it is essential to wash 
everything out with ‘“‘conductivity”’ 
water until high-resistance readings 
are obtained on the bridge. For 
most textiles used in radio, using 
5g. of paper to 200 ml. of water, 
the conductivity of the aqueous 
extract should not exceed 50 
micromhos. 


Other very useful chemical tests 
are the determination of sulphur in 
rubber and the acetone extraction 
of mouldings to determine whether 
they are satisfactorily cured. 





* The mho is the reciprocal ohm, and a conduc- 


tivity of 1 micromho corresponds to a resistivity of 


1 megohm. 
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(4.2) Chemical Life-Tests 


Chemical life-tests usually involve 
the exposure of components or 
finishes to corrosive or humid atmos- 
pheres with repeated tests or 
examination to find out how the 
materials are standing up to the 
test. All such tests .must be 
accelerated tests, unless one is pre- 
pared to wait five years for the 
results, and they have the disadvan- 
tage of all accelerated tests that 
the results are difficult to interpret. 


In attempting to simulate the 
conditions of use of a component 
in a broadcast receiver in a warm, 
wet climate, the component should 
be exposed to a temperature fluc- 
tuating between, say, 15° and 
35°C. and a relative humidity 
fluctuating between 80 per cent. 
and 100 per cent., and it should be 
periodically heated to a temperature 
some 10-15 degrees above its sur- 
roundings. The component should 
withstand such a test for five years. 
In attempting to shorten this test it 
seems probable that the use of very 
severe conditions for a few days 
gives results far more difficult to 
interpret than does some _ inter- 
mediate test taking two or three 
months., and a test at 100 per cent. 
humidity in a test chamber held at 
35° C. for 12 hours in every 24 and 
allowed to cool to room tempera- 
ture in the intervening period, 
carried on for three months, has 
been found to give a reasonable 
answer, although it may be a little 
severe for equipment intended for 
use in indoor domestic conditions. 
Nearly sealed enclosures, such as 
bitumen-coated transformers and 
metal-cased capacitors, take time to 
fail under humid conditions and will 
give misleading, apparently satis- 
factory, results under severe short- 
time test. 


In the straightforward humidity 
test the component is_ usually 
checked for corrosion of the meta! 
parts and for the insulation resis- 
tance between terminals and _ be- 
tween live parts. A further test to 
be applied to transformer and choke 
windings is to connect the windings 
so that they are at a positive poten- 
tial to core, the actual potential 
depending on the normal operating 
conditions of the winding. Under 
such conditions electrolytic corrosion 
occurs, the severity of which 
depends on the area of copper 
exposed, the leakage current and 
the purity of the raw materials 
used, 
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Standard Frequency Transmissions 
in Great Britain 


"Tee question of radiating 
standard frequency transmis- 
sions from Great Britain has 
recently been under consideration. 
At present standard frequency 
transmissions of guaranteed 
accuracy are emitted by the U.S.A. 
National Bureau of Standards’ con- 
tinuously on the eight frequencies 
2.5, 5, 10, 15, 20, 25, 30 and 35 
Mc/s. from station WWV. 


In this country, an experimental 
low power transmission from station 
GMT, on a frequency of 2 Mc/s., 
has been set up by the Royal Obser- 
vatory at Abinger, Surrey, to 
facilitate comparisons between 
quartz clocks used in the operation 
of the Greenwich time service. 
Details of this service have been 
published recently*. Since no other 
British standard frequency service 
is at present available, these trans- 
missions have been fairly widely 
used, and a substantial increase in 
power is under consideration. 


Arrangements are now under con- 
sideration whereby a limited stan- 
dard frequency service on_ three 
frequencies will be operated by the 
General Post Office. It is hoped 
that experiments connected with 
the new service will demonstrate 
the feasibility and value of United 
Kingdom and European coverage, 
and also the degree of interference 
from and with the WWV transmis- 
sions. 


Details of this experimental 
service will be announced later, but 
meanwhile those who require such 
a service may be interested to know 
that the frequencies of the follow- 
ing transmitters of the General Post 
Office and of the B.B.C. are main- 
tained at their nominal values to a 
tolerance better than + one part 
in one million. 








Station’s | Nature of Nominal 

Call Sign Service Location | frequency 
ke/s. 

GBR “Tele raph “Ru by 16 
_ Telegrap Brotewich 200 
GRO Broadcast | Skelton 6,180 
GSB Broadcast Daventry 9,510 
GSV Broadcast | Daventry 17,810 











It may further be noted that the 
B.B.C. medium wave transmitters 
with the exception of that on 583 
ke/s. (514 m.), are also maintained 
on their normal frequencies to a 
tolerance of . gaplated + one 
part in one million. 
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An Electronic Spectrum 
Scanner 


ib Bec taking of photographs by 
solar physicists when engaged in 
analysing spectra, though very 
necessary,) is apt to be irksome as 
it holds*up the important work of 
observing. 


An electronic instrument designed 
for the express purpose of scanning 
the spectrum direct has recently 
been developed by W. D.. Oliphant, 
F.R.A.S., of Messrs. Ferranti, Ltd., 
Edinburgh, which will entirely 
eliminate the necessity for photo- 
graphy in this particular sphere and 
allow the research astronomer to 
concentrate on his observations and 
calculations. Furthermore, if a 
permanent record is required it can 
be automatically taken on micro- 
film. 

The instrument scans directly the 
light intensities along the spectrum 
by means of a vibrating element 
and an electron multiplier tube; the 
moving image being produced con- 
tinuously on a cathode-ray oscillo- 
graph screen and immediately show- 
ing up such changes as are produced 
by solar flare-ups, sun spots, and so 
on. 


The instrument has already been 
used for direct scanning of the sur- 
face of the sun, and experiments 
are being made in _ conjunction 
with the Royal Observatory at 
Edinburgh. 


The future possibilities of its 


application to industrial needs, 
particularly in the metallurgical 
field, are interesting, but before it 
can be so applied considerable 
development’ will be necessary 
owing to the fluctuating nature of 
present day spectrographic light 
sources. 


Research is at present being made 
into the problem of the limitations 
of these light sources and it is con- 
fidently anticipated that they can 
be overcome by the use of image 
storage tubes with the application 
of known techniques for electronic 
scanning. Thus while the integrat- 
ing qualities of the photographic 
emulsion are not called upon to 
level out the light variations, the 
integrating qualities of the insulat- 
ing film in the image storage tube 
take its place. 


P. O. Hittyarp 
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Infra-Red driving equipment mounted on a jeep 


Service Equipment 


A TERIAL complete Naval re- 
ceiver of the type used for beacon 
detection is shown in the diagram of 
Fig. 6. An aspheric plastic objective 
lens, used in conjunction with a 
plastic field flattening component 
focuses infra-red radiation from a 
distant beacon on to the photo- 
cathode. An _ infra-red filter is 
included in the optical system to 
reduce the effect of stray illumina- 
tion such as moonlight. The field 
of view is 25°. The screen is viewed 
through a simple plano-convex eye 
lens set at a fixed focus of —1 
dioptre. Presentation is, of course, 
inverted and reversed. The dry 
pile power unit (about 3,000 volts) 
to which fuller reference will be 
made in the next article, is con- 
tained in the handle of the instru- 
ment, together with a gravity switch 
that applies the voltage to the tube 
when the receiver is held up- 
right, the normal stowage position 
being inverted. The necessity of 
maintaining the highest degree of 
insulation when using the dry pile 
power unit resulted in sealed 
perspex construction being used. 
Perspex has both the required sealing 
properties, using a suitable cement, 
and good insulation characteristics. 
The complete instrument weighs 
1} Ib. and will detect a point source 
of a few mile-candles conspicuity 
screened with an infra-red filter. 


In applications involving the view- 
ing of any extended scene an erect 
presentation is obtained by the 
introduction of an erecting viewing 
system as shown in Fig. 7. This 
instrument, which is a binocular, 
employs as objective a 1} in. focal 
length f/1.9 projection lens, ‘a 
cemented doublet erector and a 1 in. 
Ramsden eyepiece. A_ resolving 
power of 350 lines per in. on the 
cathode is obtained at one foot- 
candle level of target illumination, 
at which level the visual acuity pf 
the eye is the limitation. In the 
case of these picture-forming appli- 
cations where the best resolution 
and brightest image are required, a 
voltage of about 6,500 volts is 
applied to the tube from a vibrator 
power unit. The weight of the 
receiver is about 7 lb. and the 
dimensions 16 in. by 63 in. by 5 in., 
the power unit with cold cathode 
rectifier weighing about 5 lb. and 
being 8 in. by 5} in. by 8 in. in size. 
It is interesting to compare the 
weights of the various British 
receivers with the equivalent Ger- 
man instrument, which weighed 
27 lb. and was 21 in. long and 6 in. 
diameter, with a power unit of 
weight 20 Ib. and size 11 in. by 
8} in. by 7 in. The relative sizes of 
the tubes themselves are shown in 
Fig. 8. 
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The Infra-Red Image 
Converter Tube 


By 
T. H. PRATT 


(Concluded from page 
September, 1948.) 


278, 


Ancillary Equipment 


The main auxiliary to the image 
converter tube is, of course, the 
power unit. An interesting war- 
time development was the applica- 
tion of the Zamboni pile for this 
purpose. References to the pile are 
limited, for the most part, to the 
older textbooks,” although a unit 
has been ringing a_ small bell 
actuated by electrostatic attraction 
at the Clarendon Laboratory for 
over 100 years. The development 
of the pile for war-time use was due 
to Dr. A. Elliott, who employed 
3-in. paper disks coated on one side 
with tin foil and on the other side 
with manganese dioxide.* 


Where complete sealing was not 
practicable, for example, where tube 
breakage might necessitate the 
servicing of an instrument in the 
field, use was made of vibrator 
power units operating from a 12 volt 
D.c. input. A typical circuit dia- 
gram is given in which use is made 
of a special cold cathode rectifier, 
Fig. 9. This was developed by E.M.I. 
for the image converter tube power 
supplies and again the Iow current 
requirement enabled this type of 
rectifier to be employed. To check 
power unit output in the field, use 
was made of a spark-gap voltmeter, 





* See article on p. 317. 
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in which the length of spark that 
could be obtained between two 
spheres in an inert atmosphere 
served as a measure of voltage. 


In all applications it is necessary 
to have a source of infra-red radia- 
tion, and in this respect the high 
efficiency in the one micron region 
of the tungsten filament lamp run- 
ning at normal colour temperature 
is convenient. The lamp must be 
screened with some material that 
absorbs visible light while transmit- 
ting infra-red radiation. Several 
filters were developed by _ the 
Admiralty and produced by firms 
such as Erinoids and B.I.P. Most 
filters consisted of a plastic base in 
which was incorporated a dyestuff 


with the required transmission 
characteristics. Polyvinyl! alcohol, 
melamine, viscose and_ cellulose 


acetate are typical bases, while a 
polyazo direct dye such as naptha- 
lene leather carbon is a_ suitable 
dye. Typical transmission charac- 
teristics given in terms of Kodak 
Wratten 87 are: 
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Fig. 7. Infra-red receiver for viewing scene illuminated with infra-red radiation 


In most applications the trans- 
mission of some visible red light 
through the filter was permissible 
particularly in view of the low sensi- 
tivity of the retina (except for the 
fovea) to red light. Data has been 
published on similar infra-red filters 
developed in America.”” Where 
high power transmitters were con- 
cerned and plastic-based filters un- 
suitable, use was made of a Chance- 
Pilkington pigmented glass. 


In certain cases when the use of 
normal beacons was impracticable 
owing, for example, to the diffi- 
culty of maintaining batteries in a 
charged condition, corner cube 
reflectors were employed. These 


¢ 


Fig. 6 (right). Infra-red 
receiver with enclosed 
Zamboni pile power unit 


for beacon detection 
SIMPLE 
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and German tubes, 
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have the property of reflecting light 
incident upon them back along the 
same path the light travelled before 
falling on the reflector. When using 
such units, a beamed transmitter 
and a receiver were mounted to- 
gether and the radiation from the 
transmitter reflected by the corner 
cube detected in the receiver. 


Service Applications 


Service applications of image cun- 
verter tubes fall into two distinct 
categories. The first is concerned 
with the detection of distant sources 
of infra-red radiation such as hom- 
ing beacons, the second with the 
observation of a scene illuminated 
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Fig. 9. Circuit of vibrator power unit using sp 


with infra-red radiation. The 
earliest operational uses were of 
equipment of the first type in con- 
nection with special Naval opera- 
tions in the Mediterranean in 1941. 
The Naval applications were almost 
all concerned with homing aids. 
Thus, in all the X-craft operations, 
commencing with the attack on the 
Tirpitz in Alte Fjord and continu- 
ing with the operations in the Far 
East, the craft returned to parent 
vessels using an infra-red telescope 
to home on an infra-red beacon. 
Again, the small combined opera- 
tions pre-invasion reconnaissance 
parties that worked along the coast 
of France and North Africa and 
later in Malaya, used similar equip- 
ment to enable canoe parties to 
return to parent craft. Infra-red 
beacons or corner cube _ reflec- 
tors served to mark beach ren- 
dezvous for the collection of person- 
nel operating inside enemy territory. 


R.A.F. applications were con- 
cerned with recognition systems. In 
1942, when German intruder air- 
craft were mixing with our return- 
ing night bombers, night fighters 
were equipped with an infra-red 
receiver and a coded _ infra-red 
beacon was attached to the tails of 
our bombers. Before carrying cut 
an attack, the fighter pilot glanced 
in his telescope and if the plane 
ahead was British the appropriate 
signal would be seen. Later in 
1944, a similar device was fitted to 
rear turrets of night bombers to 
enable rear gunners to differentiate 
between members of the bomber 
stream and German night fighters, 
the former being fitted witn svit- 
able beacons shining forward. 














ial cold cathode rectifier 





The main Army application was a 
night vehicle driving aid, using 
normal headlamps covered with 
infra-red filters in conjunction with 
the binocular receiver for viewing 
the terrain ahead. This arrange- 
ment enabled convoys of armoured 
or supply vehicles to move at night 
over roads or open country at speeds 
about equal to normal daytime 
convoy speeds without danger from 
air observation. The equipment 
was fitted as a navigational aid on 
amphibious vehicles used in ferry- 
ing troops across the Rhine during 
the main crossing. ‘The Army also 
possessed quantities of simple 
receivers for use as countermeasures 
ae event of enemy use of infra- 
red. 


Research and Commercial 
Applications 


The first image converter tubes 
were not, of course, developed with 
a view to military applications. As 
has already been stated, Briiche 
was concerned with the examination 
of the surface of a metal plate using 
the electrons emitted under ultra- 
violet illumination to form a fluores- 
cent image of the surface. Similarly 
Kluge” used the form cf tube 
developed by Heimann for an 
investigation of semi-transparent 
photo - surfaces. The application 
to spectroscopy” is immediately 
apparent since the tube can be used 
for the direct observation of emis- 
sion or absorption phenomena out to 
1.8 microns. During the war an 
image converter tube attachment 
was made for the N.P.L. spectro- 
meter to facilitate the direct 
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measurement at one micron of 
the refractive indices of various 
materials used in the optical com- 
ponents of infra-red receivers. The 
R.C.A. workers described the use 
of their tube in conjunction with a 
microscope for the observation of 
biological and botanical specimens 
in the infra-red.” 


Useful information can _ be 
obtained on animal behaviour in the 
dark using infra-red viewing equip- 
ment. During the war this was 
applied in connection with an 
investigation on the sensitisation of 
the retina to infra-red radiation. 
More recently Colonial Office field 
teams have used instruments for 
observing rats in the dark in the 
course of an investigation of the 
spreading of scrub typhus in the Far 
East, and for observing the 
behaviour of malaria-carrying mos- 
quitoes in the dark over water. 
Although the wavelengths to which 
the image converter tubes are sensi- 
tive are too short to be preferen- 
tially transmitted through natural 
scattering media such as fog, where 
scattering particles are sufficiently 
small, some advantage can be gained 
by using an infra-red receiver. Thus 
descriptions:have been given” of the 
application of the converter tubes to 
ophthalmic problems connected with 
certain types of corneal opacity. 
Infra-red aids have immediate 
application to the production of 
photographic materials. Simple 
manipulative work, time studies 
and inspection are all made _in- 
estimably easier using the simplest 
devices. The use of optical pyro- 
metric methods at temperatures 
below visible red heat is made 
possible by the use of the image 
converter tube. Many of these 
applications are only now being 
investigated fully, but there is no 
doubt that the return from the war- 
time effort will be considerable in 
the fields of research and industry. 
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The | Dry Voltaic 


Pile 


By A. ELLIOTT, Ph.D.* 


a dry pile, invented by de 
Luc and improved by Zamboni’ 
has been known as a scientific 
curiosity since its invention about 
1812. It is referred to in some 
English text-books, _ particularly 
older ones,’ and it is the subject of 
a booklet* now out of print. Rather 
more detailed accounts of dry piles 
are to be found in German litera- 
ture,’ but on the whole little 
information is available either on 
methods of construction or on pro- 
perties, while the use of dry piles 
seems to have been confined to the 
charging of electroscopes. A well- 
known example of a dry pile is to 
be seen in the Clarendon laboratory 
at Oxford; this pile was constructed 
in 1840 and has been operating a 
simple form of electric bell con- 
tinuously during the past century.’ 

During the early part of the 
recent war, the production of an 
infra-red telescope for use by the 
British Services was a matter of 
some concern to the Admiralty, and 
in the summer of 1940 an image 
converter tube for transforming an 
infra-red image to a visible one was 
successfully produced by E.M.I. Ltd. 
This image tube followed the early 
type produced by Holst and his co- 
workers’ which unlike the later 
types developed to take advantage 
of electrostatic or magnetic focus- 
ing, required a potential difference 
between two electrodes only. 
Furthermore, the performance of 
the early type of tube varied but 
* Formerly Admiralty Research Laboratory, now 
Messrs. Courtaulds, Ltd. 
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little with applied voltage, pro- 
vided the latter lay between about 
2,000 and 4,000 volts. The current 
required was minute, generally 
below 10-° amp. 

It was evident that the usefulness 
of the image converter tube to the 
Services would depend to a great 
extent on producing a small, light 
and reliable high tension unit, and 
it occurred to the writer that the 
Zamboni pile might meet the 
requirements. The complete infra- 
red telescope which resulted has 
been already described,* and this 
article is concerned with the develop- 
ment, production and properties of 
the Zamboni pile. 


Laboratory Experiments 


The first attempts were made by 
spraying a mixture of thin starch 
paste, manganese dioxide and a 
trace of zine chloride on paper. 
After drying, the paper was coated 
on the reverse side with tinfoil, using 
office paste as a binder. The first 
results were quite promising; volt- 
ages of about 0.6 volts per disk were 
obtained when the material was cut 


up. It was, of course, necessary 
to measure the E.M.F. of the material 
on an electrostatic voltmeter, as 
the internal resistance of the paper 
considered as a primary cell was 
very high (see below). 

In the laboratory stage it was 
found convenient to cut the coated 
paper into one-inch squares, using 
a razor blade with the paper sup- 
ported on a glass plate, in order to 
get a clean cut. Piles of 100 squares 
were used to get a convenient E.M.F. 
and also to obtain an average result 
over a considerable area of material. 
It was intended later to carry out 
the coating on commercial paper 
coating machines, and a more suit- 
able binder than starch paste was 
required; gelatine was found to be 
satisfactory. The coating was 
applied by brushing the following 
mixture on a soft-sized paper. 


Manganese dioxide 150 gm. 
Gelatine ie 25 gm. 
Zine chloride 10% soln. 18 cc. 
Water 700 cc. 


The manganese dioxide used in the 
laboratory experiments was chemi- 
cally precipitated, supplied by 








British Drug Houses, Ltd.; Pyro- 
lusite, the naturally occurring form 
of manganese dioxide, was found 
unsatisfactory for dry pile manu- 
facture. Cooking gelatine was 
employed. The coating was well 
brushed on, and after drying, the 
paper was coated with tinfoil. The 
kind of adhesive used is of some 
importance, since it must not have 
too high an electrical resistance 
when dry. Stationery Office Glucine 
Paste, Code No. 69-16, was found 
suitable. Elements prepared in this 
way have an E.M.F. of 0.6-0.8 volts. 

As the laboratory experiments 
indicated that the dry pile could be 
used as a high tension unit for the 
image converter tube, work was 
commenced on a larger scale to 
adapt the methods developed at the 
Admiralty Research Laboratory to 
commercial production. The follow- 


ing is an account of the method 
adopted for producing large 
quantities of paper disks and 


assembling them into piles of about 
8,000 volts. 


Commercial Production 


The formula given above was 
generally used for the coating, 
which was applied to the paper by 
a machine designed for coating 
paper with baryta, etc., for print- 
ing processes. No modification to 
the commercial machine was needed, 
but it was found essential to pass 
the mixture through a colloid mill 
to disperse the manganese dioxide, 
an operation which in the labora- 
tory experiments was done by the 
action of the brush on the paper. 
A small quantity of pine oil was 
added to the solution to prevent 
frothing. Changes in the amount 
of water in the coating mixture had 
sometimes to be made when a fresh 
batch of manganese dioxide was 
used. 

After drying the paper, it was 
‘lined ” or coated with tinfoil on 
the untreated side, again using a 
commercial machine designed for 
similar purposes. It was then 
calendered (hot rolled) to improve 
the adhesion of the tinfoil; this 
resulted in a reduction of thickness 
to about 0.004 in. The paper was 
cut up into rolls 2 in. in width, and 
at first it was customary to inter- 
leave a strip of plain paper in the 
roll between the tinfoil and the man- 
ganese dioxide coatings. Later this 
was dispensed with, for reasons 
given below. 

Various methods of cutting the 
elements were tried, the only satis- 
factory one which could be used on 
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a large scale being by means of a 
die punch. It was found necessary 
that the circular punch should fit 
with the minimum clearance in the 
die, also that the cutting edge should 
be kept sharp. Without such pre- 
cautions, a clean edge of paper 
separating the tinfoil from the man- 
ganese dioxide coating could not be 
obtained, and a short circuit of the 
disk occurred. It did not appear to 
make any appreciable difference 
from which side the paper was 
punched. Many disks were cut on 
an automatic machine operating a 
die punch. 

It was observed in the early 
experiments that the humidity of 
the atmosphere in which the disks 
were assempled into piles had a 
great effect on their performance. 
Excessive drying resulted in very 
high internal resistance, but moist 
conditions were also. bad, for 
although the internal resistance was 
then low, the r.m.F. fell within the 
course of a few days, presumably 
because of local action within the 
pile. There was, in short, an 
optimum moisture content at which 
a balance was struck between the 
various factors. The best value of 
the relative humidity was found 
experimentally. It varied some- 
what if changes were made in the 
coating formula, but was around 
55 per cent. The disks were placed 
in shallow trays over moist calcium 
nitrate to keep the humidity at 
about this value. A fan was used 
to stir the air. Usually the disks 
were kept for some days in the 
chamber. 

The first pile was made by 
assembling the punched disks in a 
piece of cellulose nitrate tube cut 
from a cycle inflator and provided 
with brass end caps screwed to the 
tube, with a short spring and washer 
to keep the disks in good contact. 
At a later date, when it was realised 
that the insulation required was 
much higher than is customary in 
electrical work, attempts were made 
to find a more highly insulating 
tube. All other materials tried 
were unsatisfactory for one or other 
reasons, however. In several cases, 
e.g., perspex and polystyrene, the 
material was excellent but was not 
available in the form of tube of uni- 
form bore. All the piles used for the 
service instruments were assembled 
in tubes of cellulose nitrate. Fig. 1 
shows the arrangement. The tube 
length varied from 6} to 9 in. 
according to the voltage required. 
The end caps were sealed to the 
tubes with a cellulose paint. 
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Generally either two or three 
tubes were used in series to give the 
required 3,000 volts for operation of 
the image converter tube. The 
greatest care had to be taken to 
obtain high insulation, since the full 
potential difference was applied to 
a short insulating path. Insulating 
materials which were successfully 
used were keramot, polystyrene and 
perspex. The insulation achieved 
depends almost entirely on surface 
leakage, and it was found advan- 
tageous to provide operatives with 
fabric gloves to avoid handling the 
insulators with moist hands. All 
the insulating surfaces were care- 
fully cleaned with petroleum ether. 

In the case of instruments 
intended for tropical use, the insula- 
tors at the ends of the assembled 
battery were dipped in molten wax. 
It is well known that a wax covered 
insulator retains its very high elec- 
trical surface resistance even in 
conditions of high humidity. It is 
worth mentioning that perspex is so 
good an insulator even in moist con- 
ditions that waxing causes little 
improvement. Polystyrene, however, 
was greatly improved by waxing. 
For this purpose a pure hydrocarbon 
wax, PABO5 made by Messrs. 
Claude Campbell & Co., was used. 

As an instance of the need for 
extreme care with insulation, it was 
found at one period that the volt- 
age of stored piles had dropped 
some hundreds of volts. On investi- 
gation, the silk tape which was used 
to tie the filled tubes together to 
prevent movement was found to be 
the cause of the trouble. The tape 
recommended originally was of silk, 
woven with a selvedge on either 
side. Because of difficulty in 
supply, a later batch was supplied 
cut from a piece of silk fabric, in 
which a varnish had been applied 
to the edges to prevent fraying. The 
insulation of the varnish was defec- 
tive. On removing the tape, the 
piles recovered voltage and were 
usable. 

A list of the materials used in the 
commercial production of Zamboni 
piles is given below: 


Paper 

Made by the East Lancashire 
Paper Company, and known as 
**Gumming d/G, 26, 516’s, 20} in., 
made to John Dickinson’s stan- 
dard.”” Thickness 0.0038 in. 


Gelatine 

Made by British Glues and Chemi- 
cals, Ltd., and supplied by Boots 
Ltd. Described as “ 150 T.G., 150 
J.S. powdered gelatine.” 
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Manganese dioxide 

(a) Supplied by British Drug 
Houses, Ltd.—precipitate manganese 
dioxide. 


(b) Supplied by Boots Ltd.— 
neutralised by-product of saccharin 
manufacture. 

Tinfoii 

Supplied by Venesta Ltd., gauge 
40 (thickness 0.0005 in.). 

Paste 

(a) Glucine Paste supplied by 
Lyons’ Ink, Ltd., Walkden, Lancs. 


(b) Sichel Adhesive No. 583A sup- 
plied by Sichel Adhesives, Ltd., 
Richmond, Surrey. 


Electromotive Force—Shelf Life 

The electromotive force of a dry 
pile has to be measured by means 
of an electrostratic form of volt- 
meter, of very high insulation. As 
testing the £.M.F. became a routine 
factory measurement, a_ suitable 
instrument of simple construction 
was designed; a description of this 
instrument has been published.’ It 
was robust and had adequate sensi- 
tivity for measurements from 0.6- 
2 KV for measuring the E.M.F. of 
tubes containing about 1,000 disks. 
For laboratory use a Cambridge 
electrostatic voltmeter (range 200- 
1,000 volts) was used for measuring 
smaller numbers of disks. 

The E.M.F. obtained varied with 
the kind of manganese dioxide used 
in the coating. With chemically 
precipitated manganese dioxide, as 
supplied by the British Drug 
Houses, 0.8 volts per disk was the 
usual value obtained. 

This material was used for labora- 
tory work and also for the first 
batches of piles made in the factory. 
The resulting piles were extremely 
stable and trouble-free. The shelf 
life was excellent; one tube taken at 
random from the first factory batch 
was put aside as a museum speci- 
men in 1942; its E.M.F. does not 
appear to have fallen appreciably in 
the six.years which have since passed. 

The story of some of the piles of 
later manufacture is different, how- 
ever. It became impossible to 
obtain the chemically prepared 
manganese dioxide, and manganese 
dioxide prepared as a by-product of 
the saccharin industry had to be 
employed. This material gave a 
considerably higher £.M.F., over 
1.1 volts per disk at first, but the 
stability was much less. The E.M.F. 
dropped during the course of a few 
months to about the value 0.8 volts 
obtained with the first material. It 
appeared sufficiently stable at that 
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level to warrant its use for Service 
applications, and was, in fact, found 
to give a sufficient shelf life. It 
has been found, however, that many 
of the piles made during the war of 
the by-product material have 
deteriorated greatly on _ storage. 
The cause of this is not known, but 
it is doubtless inherent in the man- 
ganese dioxide. It was found that 
by storing the rolls of coated and 
lined paper for a few months before 
punching, a considerably_increased 
stability was obtained. The inter- 
leaving paper, originally introduced 
to prevent short circuit of the roll, 
was removed during the storage 
period. 


Internal Resistance 


The internal resistance naturally 
varies greatly with the amount of 
moisture which the disks of the pile 
retain, and it also varies somewhat 
with the pressure exercised by the 
spring. A value typical of a pile 
containing clouaisalle precipitated 
manganese dioxide conditioned at a 
relative humidity of 55 per cent. at 
20° C. is 2,000-8,000 megohms per 
1,000 disks. The humidity treat- 
ment represents the optimum con- 
ditions. 

Attempts to produce piles of low 
internal resistance (for example, by 
increasing the amount of electro- 
lyte) always reduced the shelf life 
greatly. 

A consequence of the very high 
internal resistance is that the cur- 
rent produced by a pile is too small 
to produce an electric shock when 
the pile is handled. This is in some 
respects an advantage. 

Available Current 


The current which can be drawn 


2 3 4 5 6 7? 8 
TIME IN DAYS 


from the pile without seriously 
lowering the E.M.F. by polarisation 
is extremely small. Fig. 2 shows 
the effect of drawing a current 
(initially 0.085 micro-amp.) from a 
pile of 800 disks of 3-in. diameter, 
over a period of a week. It was 
generally found that prolonged 
short-circuiting of a pile produced 
only a temporary fall in £.M.F., 
and that recovery to the full £.M.r. 
was to be expected. 

A safe current, which can be 
drawn from the pile with a very 
small effect on E.M.F. is of the order 
of 10-* ampere. 
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be the case of a receiver designed 
to accept and reproduce modula- 
tion frequencies up to 12 or 
14 Ke/s., the most troublesome noise 
component is undoubtedly the 
9 Ke/s. whistle generated by adja- 
cent carrier beat. 

The degree of attenuation required 
to reduce the whistle to harmless 
proportions is about 40 db. and a 
simple R-C low pass filter is in- 
adequate. 

The most promising approach is 
to incorporate a narrow band rejec- 
tion filter giving the required 
attenuation at 9 Kc/s. without sub- 
stantially impairing the overall 
treble response; but the problem is 
to select the location in the circuit 
where such a filter can be both effec- 
tive and economical. 

A filter was recently described for 
incorporation in the output circuit 
between the output transformer and 
the speech coil, claimed to give 
42 db. attenuation at the whistle 
frequency (10 Ke/s.), but it has the 
admitted disadvantage of an inser- 
tion loss of 2 or 3 db. over the pass 
band. Although this is small, it 
occurs in the output circuit, and 
therefore can only be compensated 
by nearly doubling the power out- 
put, adding cost and bulk to the 
equipment. 

A filter placed between the detec- 
tor and the first a.F. stage does not 
absorb power in this way, but 
it is liable to be cumbersome and 
awkward on account of the high 
Values of terminating impedance 
normally encountered. 

The filter to be described does not 
suffer from these disadvantages. It 
gives adequate attenuation at the 
whistle frequency, and the rejection 
band is very narrow. 

Essentially, it consists of a bridge 
network of which the detector forms 
an integral part, so that its inclu- 
sion in a T.R.F. receiver using a 
cathode-follower detector involves 
the addition of very few com- 
ponents. The main items are an 
inductance of about 30 mH, which 
need not have a very high Q, and 
a fixed capacitance of .01 #F. The 
insertion loss in the pass band does 
not exceed 6 db. 

The circuit diagram shown, with 





* Standard Telephone: and Cables, Ltd. 
+ Radio News, March, 1947. 
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Kc/s. Whistle Filter 


By P. A. CHILDS * 





C. = 0.01 LF 


typical circuit values, is employed 
in dual service as detector and filter. 
If a separate detector is used, then 
a similar arrangement could follow 
it, except that the cathode by-pass 
capacitor would be omitted and the 
bias conditions modified to avoid 
rectification. 

A resonant circuit consisting of L 
and C; is connected between anode 
and H.T. positive, and tuned to 
9 Ke/s. The cathode load, R:, is 
shunted by C: which acts as a reser- 
voir filter at signal frequency. A 
potentiometer R: plus Rs is con- 
nected between anode and cathode, 
with C: included in series to block 
p.c., for convenience. Output is 
taken from the junction of R: and 
R;:, and fed to the following stage 
via C; and R.. 

Consider the operation of the cir- 
cuit when the input consists of a 
modulated carrier. Rectification 
takes place, and the cathode swing 
follows the modulation envelope. 

Assuming that R: = R:, and the 
reactance of C: is very low, then the 
output will equal half the vector 
sum of the cathode swing (Ex) and 
the anode swing (E,). At most 
modulation frequencies E, will be 
very much the smaller, because the 
reactance of L is very small com- 
pared with R:, and will be just over 
90° out of phase with Ex. Therefore 
the output will approximate to 
Ex/2. At 9 Ke/s., if we assume 
Ex = E, in magnitude, then the out- 
put is zero, because the two are 
180° out of phase. Assuming the Q 


of L to be 15, then at 8,400 cycles 
E, = 0.707 Ex, and the two will be 
135° out of phase. The output will 
therefore be only 3 db. down com- 
pared with the output over the pass 
band generally. From this it is 
clear that the discrimination is very 
sharp. 

The value of C: is determined by 
the requirement that its reactance 
should be very much smaller than 
R: at the lowest signal frequency 
concerned, say, 550 Ke/s., and 
should be very much larger than Ri 
at 9 Ke/s. The logical choice lies 
midway between these determinants 
and fixes the phase angle of Ex at 
about 7° in lagging relation to the 
anode current, at 9 Ke/s. 

The value of C: is usually deter- 
mined by the requirement that its 
reactance should approximately 
equal R: + R:; at the low cut-off fre- 
quency of the remainder of the 
system, say, 50 cycles. If its reac- 
tance is higher, then a few db. of 
bass boost will be introduced, which 
may or may not be desirable. If it 
is too low there is a danger of 
coupling to the H.T. supply impe- 
dance and giving rise to LF. 
instability. A reasonable choice 
will fix the phase angle of the volt- 
age across Rs; at a fraction of a 
degree in leading relationship to the 
current, at 9 Ke/s. 

It will be clear from this that in 
order to balance the bridge at 
9 Ke/s. in both phase and magni- 
tude, E, must be arranged to lead 
the anode current in phase by almost 
7°. This condition is achieved by 
off-tuning L and C; to a frequency 
just below 9 Kce/s., about 8,900 c/s. 
This will not cause a significant 
change in the magnitude of Ep. 

Some means should be provided 
for final trimming of L or C; with 
the receiver in operation. The 
potentiometer is used to adjust R: 
and R: in order to balance for 
magnitude. 

The design of L is not critical, and 
an iron dust core, preferably of the 
enclosed type, may be used. A 
high stability mica unit should be 
used for Cs. 

Adjustment of the final balance 
is best carried out during pauses in 
transmission at times when the 
adjacent carrier is at maximum 
strength. 
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RADIO VALVE PRACTICE 


The B.R.V.M.A. Recommendations for Optimum Performance 


The following notes are based on a booklet issued by the British Radio Valve Manufacturers’ Association 
which gives the recommendations of its members for obtaining optimum performance and reliability 
from radio valves. Copies of the complete booklet can be obtained free of charge by bona fide valve 


users from the Association.* 


The document particularly stresses the importance of consulting the manufacturer in all cases where 
valves areiintended to be used in unusual circuits or under abnormal conditions. 


EFORE the design of equipment 

is undertaken, the published 
data on specific valve types should 
be studied, and if the valve is to 
be put to a use which does not 
appear to be covered by the pub- 
lished data, the manufacturer 
should be consulted. It may often 
happen that he has information on 
a kindred application or from life 
tests which will be of help in the 
particular case. 

Life tests take a considerable 
time to complete, and therefore the 
manufacturer needs early informa- 
tion of any departure from current 
practice, to enable him to arrange 
tests to suit. 


Selection 


It is obviously impracticable for 
the manufacturer to select valves 
to the user’s individual require- 
ments. Therefore the user should 
make sure that his tests are made 
with a valve of average charac- 
teristics and should also test as 
large a number of valves as possible 
in the initial stages of developing 
the equipment. 


Samples 


Early samples of new valves are 
generally made before the jigs and 
tools for mass production are 
finished, and therefore involve a 
considerable amount of hand-work 
which may make them differ in 
some particulars from production 
valves. 

The product of a smoothly run- 
ning factory will in any case be 
more consistent than the samples, 
and circuit design should therefore 
not be critically based on the per- 
formance of the first batch of 
samples supplied. 


Individual valves must not be 
measured for dimensional purposes, 
and the figures should be taken 
from the published data. 





* On application to the Secretary, B.R.V.M.A., 
16 Jermyn Street, London, W.1. 
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Dimensions of Radio Valves 





Overall length includes pins, spigot, and top cap. 
Height from bottom of base to top of valve, 
including top cap. 

Diameter at maximum. 


Height from bottom of base to maximum 
diameter. 


00 F> 





Pressed glass base cracked by overheating 
when the valve was operated at higher fre- 
quency than specified 





Electrolysis of glass surrounding the lead-in 
wires in the base, caused by operating at too 
high a frequency 


Ratings 

The satisfactory performance of 
a valve is based on the inter- 
dependence of.a number of factors 
which are embodied in the Safe 
Rating. It is not wise to assume 
that one maximum rating (for 
example, the anode voltage) may be 
exceeded provided that a corres- 
ponding reduction is made in the 
other ratings. 

A rule is: When maximum rat- 
ings are given, the first maximum 
rating reached sets the limit for all 
other conditions. 


H.F. Rating 


The safe maximum ratings of a 
valve are usually specified in rela- 
tion to a maximum frequency, and 
if this frequency is exceeded the 
ratings must be reduced as agreed 
by the manufacturer. 

If valves are used at excessively 
high frequencies the power dissi- 
pated in the lead-in wires due to 
resistance losses and in the glass 
due to dielectric losses may be 
sufficient to overheat and crack the 
seals. 

With rectifiers operating at fre- 
quencies higher than mains fre- 
quency, the glass may become elec- 
trolysed and break down. 


Heater Voltage 


The heater or filament voltage of 
a valve should not vary by more 
than 7 per cent. from the rated 
value. The following table gives 
the permissible figures, based on 
this tolerance: 














Minimum Nominal Maximum 
Voltage Voltage Voltage 
3.72 } 4.0 4.28 
4.65 aay 5.35 
5.86 6.3 | 6.74 
11.16 | 12.0 12.84 
12.09 13.0 | 13.9 
23.25 25.0 26.75 
37.20 40.0 42.8 











It is just as harmful to a valve 
to under-run the heater as to over- 
run it, and this particularly applies 
to rectifiers. 
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Mounting Valves Ve 
= : Valves should preferably be ] 
’ mounted base downwards in a all 
1 vertical position. This position is ten 
; essential for mercury vapour ty] 
18 F rectifiers. the 
: If the valve has to be mounted ver 
: horizontally, the base should be me 
16 me turned so that the plane of the ] 
oy control grid (and filament of directly im 
heated valves) is vertical. fac 
Glass-based valves require special ke} 
ad WORKING Bake care in mounting. If the floating tin 
Peas contacts of the socket are pulled out ma 
FOR NICKEL gies: of alignment by too rigid wiring, she 
(2 — the pins of the valve may be bent } 
a when it is inserted in the socket, mo 
% with a risk of cracking the base. che 
a |r The connexions should be made as || val 
° WORKING RANGE flexible as possible, and as a further | be 
= FOR precaution a wiring jig should be | on) 
& W.,Mo. & W-M inserted in the socket when wiring | 
8 up. The valve should be taken out { He 
of the socket very carefully to avoid 4 
bending the pins. / sep 
6 Glass - based valves with fairly cat 
4 rigid pins should not have wires | is. 
soldered directly to the pins, but tio! 
connexion should be made by using the 
4 the special holders and clips avail- hes 
able. ins 
ae Spare socket contacts should not age 
2 Seasvcass be used as anchoring points for hee 
| | wiring. If the original valve is tia! 
ABSOLUTE TEMPERATURE replaced by another of a similar type cat 
300 600 900 | | 1200 SOO 1800 2100 wid different construction, there is out 
risk of damaging th vol 
Curves of temperature coefficient of resistivity to illustrate the incompatibility of circuit. —_— id hsnieai an 
running directly heated and indirectly heated valves in series : in 
If a valve heater is over-run, the rity } 1 
emissive coating on the cathode may — 
be distilled on to the grid or other re 
electrodes. This may cause ‘“‘ grid va 
emission,’’ which will impose a load on 
on the input circuit. If the cathode Co! 
material becomes deposited on the . 
glass or mica insulation it may give ; 
rise to noise in operation or faulty fi me 
: : tro 
insulation betweén _ electrodes. y Pate oe ti 
Therefore, always check that the Valves should not be meunted horizontally unteas unavoidable, but 0 mounted, che Hf tal 
eater or filament is operating a 
the correct voltage and tempera- ys 
ture. ef 
res: 
A.C./D.C. Operation th or 
Valves intended for a.c. mains ah to! 
should not be operated with their ga the 
heaters in series on ac/DC circuits. att 
The valves designed for these [ 3 "a 
circuits are specially made for con- z 2 
: = gril 
stant current operation and _ this ime 
current should not vary more than pay 
5 per cent. from the rated value. —— — 1 
It is not good practice to connect 000 tio 
the series (voltage-dropping) resis- hay 
tance so that it = in both the H.r. Typical Hartley Oscillator circuits. The diagram on the right shows how to avoid 0.5 
and heater circuits. the effect of heater-cathode capacitance across the coil me; 
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Ventilation 

Modern valves with reduced over- 
all dimensions run at higher bulb 
temperatures than those of an older 
type, and it is essential to see that 


they are mounted in a_ well- 
ventilated position in the equip- 
ment. 


Heat radiation from a valve is 
improved if the surrounding sur- 
faces are left unpolished and are 
kept as cool as possible. Plated or 
tinned screening cans will tend to 
make the valves run hotter, and 
should be used with discretion. 

Mercury vapour rectifiers are 
more sensitive to temperature 
changes than any other type of 
valve, and special precautions must 
be taken when installing them (see 
on). 


Heater-Cathode Insulation 

The insulating coating which 
separates the heater from the 
cathode in indirectly heated valves 
is designed to give as high insula- 
tion as possible consistent with good 
thermal conductivity. In quick- 
heating valves the thickness of 
insulation is such that a small leak- 
age current must flow between 
heater and cathode. A high poten- 
tial difference between heater and 
cathode will increase this current 
out of proportion to the increase in 
voltage, giving rise to excessive hum 
and noise, and eventually leading 
to breakdown of the insulation. 

The 
heater and cathode should therefore 
never exceed 150 volts, except in 
valves specially designed for ac/ Dc 
operation or as cathode followers. 


Connexions to Electrodes 

Never operate a valve without a 
D.c. connexion between each elec- 
trode and the cathode. The resis- 
tance of this connecting path should 
be as low as practicable. 

In some cases the cathode con- 
nexion will include a rectifier whose 
resistance depends on the polarity 
or magnitude of the voltage applied 
to it, and care should be taken that 
the electrode concerned does not 
attain a potential which is uncon- 
trolled with respect to the cathode. 

Suitable maximum values for the 
grid-cathode resistance are 1.0 
‘megohm with auto-bias, and 0.5 
megohm with fixed bias. 

Valves having an anode dissipa- 
tion greater than 10 watts should 
have maximum grid resistances of 
0.5 megohm with auto-bias and 0.1 
megohm with fixed bias. 


potential difference between " 
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BULB 





























The effect of surrounding a valve with a metal 


A shows the temperature distribution along the 

bulb when mounted in free air. B shows the in- 

crease caused by surrounding the bulb with a can 
2} in. diameter, open at the top 





Before putting mercury vapour rectifiers into 

commission, the mercury should be allowed 

to settle at the bottom of the bulb, as shown 
by the arrow 


Right: Desirable temperature gradient along 

the bulb of a mercury vapour rectifier on load. 

Ample ventilation ensures that the bottom of 
the bulb is kept cool 
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The bias for a valve should not be 
provided by grid rectification unless 
precautions are taken to prevent 
damage to the valve if the drive is 
taken off. 

Screen potentials in multi-grid 
valves should be obtained from low 
resistance networks across the H.T. 
supply, but the screens of pentodes 
can be supplied through a series 
resistance from the H.T. line. 

Valves should not be operated 
with a negative potential on the 
suppressor grid high enough to 
cause the screen grid dissipation to 
exceed its safe value. 

If a pentode is connected as a 
triode, the suppressor should be 
joined to cathode rather than anode. 
Mercury Vapour Rectifiers 


One of the main features of the 
mercury vapour rectifier is the low 
internal voltage drop (8—20 V.), 
which, however, varies with the 
temperature of the mercury vapour. 

If the temperature of the valve 
is too low, the voltage drop becomes 
excessive and damage to the cathode 
results. If the temperature is too 
high, the permissible peak inverse 
voltage is reduced and there is 
danger of flash-over in the bulb. 

It is of great importance, there- 
fore, that the maker’s temperature 
limits are strictly adhered to, and 
extra care should be taken to pro- 
vide adequate ventilation for 
mercury vapour rectifiers in a con- 
fined space. 

The filament should always be 
allowed to attain its full operating 
temperature before the anode volt- 
age is applied, and some form of 
delayed switching should be used. 


° 


U 


w 











324 


Hectronic Engineering 








* ae eel 
Fey — 3 








Users should also take care that the 
rectifier is not switched on after 
switching off before the delay switch 
has had time to re-set. 


New rectifiers, or rectifiers which 
have been transported, should be 
run for some time with the filament 
on and H.T. off, to allow the mercury 
to vaporise from the electrodes and / 
or settle at the bottom of the bulb. 


Always use a mercury vapour 
rectifier with a choke-input filter 
circuit unless the maker agrees to 
the use of a capacitor-input circuit, 
and do not run mercury vapour 
rectifiers in parallel to obtain 
icreased output. 

Valves filled with inert gas are, 
in general, less sensitive to operating 
temperature than mercury vapour 
rectifiers, but the cathode should be 
pre-heated before applying the H.rT. 
voltage, as in the case of mercury 
rectifiers. 


Thyratrons 


Precautions necessary in using 
mercury vapour and inert gas recti- 
fiers are applicable to thyratrons, 
with additional restrictions due to 
the presence of a grid. 

They require a series resistance in 
the grid circuit, the value of which 
is usually specified by the manufac- 
turer. If this resistance is too low 
the grid current will be excessive 
and the grid will over-heat. If it 
is too high, the grid may lose con- 
trol owing to the reduction in normal 
bias by the grid current flowing 
through the grid resistance. 


De-ionisation Time 


After the anode current has 
ceased to flow, an appreciable time 
is required for the ions in the bulb 
to recombine with the vapour mole- 
cules—the so-called de-ionisation 
time. . 

If the periodic time at which 
grid or anode potential changes is 
shorter than the de-ionisation time, 
the thyratron will become unstable, 
and in extreme cases, when the 
anode is negative and the number 


High transient voltages generated in 
choke-input filter circuits can be 
minimised by a resistance R, and 

pacit 1 ted across the 
choke L, 








Damage to heater caused by excessive leakage 
current between it and the cathode 


of ions still present is considerable, 
there may be a flash-over. The 
makers limitation on the operating 
frequency should therefore be care- 
fully observed. 


General Notes 


Valves should not be run for long 
periods with the cathode current 
biased to cut-off and the H.T. on, 
unless the manufacturer has been 
consulted. On the other hand, it 
is possible that the life of a valve 
will be increased if the heater or 
filament voltage is cut off or reduced 
during stand-by periods, but here 
again the manufacturer should be 
consulted. 


Remember that the life of a valve 
is partly dependent on the heat dis- 
sipated at the electrodes, and every 
care should be taken to keep this 
dissipation at a minimum. Such 
factors as incorrect tuning of cir- 
cuits, unnecessarily high no-signal 
current, or parasitic oscillation, all 
contribute to excessive heating and 
should be guarded against. 


Microphony 


If mechanical vibrations are trans- 
mitted to a valve from an external 
source, the resulting small move- 
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ment of the electrodes will give rise 
to rhythmic variations in the out- 
put. 

These vibrations can be trans- 
mitted to the electrodes either by 
way of the chassis or by direct 
impact on the glass bulb, and if the 
valve is used in an A.F. circuit they 
may produce audible sounds in the 
speaker, although the valve is not 
handling an audio signal. 

If, on the other hand, the valve is 
in a high frequency stage (R.F. or 
1.F.) the vibrations will modulate 
the carrier and become audible after 
the detector stage. 


The factors which affect the extent 
of microphony are: 
1. The amount of amplification 
following the valve. 
2. The method of mounting the 


valve. 

3. The position of the valve on the 
chassis. 

4. The efficiency of the loud- 
speaker. 


or 


. The audio - frequency charac- 
teristic of the system. 


or) 


. The amplitude of the carrier 
frequency, when the valve is 
the R.F. stage. 


To reduce microphony to a mini- 
mum, therefore, the following 
recommendations should be carried 
out: 


1. Valves which are followed by a 
high degree of amplification should 
be mounted in resilient valveholders. 
These can be made by interposing 
rubber grommets or rubber strip 
between the holder and chassis and 
making connexions to the holder and 
top cap by flexible wire. 


_ Wrapping the bulb in cotton wool 
is not a remedy, and increases the 
temperature of the bulb. 


2. The loudspeaker should not be 
mounted on the chassis unless un- 
avoidable. If it is, it should be 
insulated mechanically by grommets. 


8. Valves should not be mounted 
immediately behind the speaker. It 
is sometimes possible to shield them 
from sound vibration by interposing 
a component on the chassis. 

4. The chassis should not be 
mounted rigidly in a cabinet with 
the loudspeaker, but should prefer- 
ably be mounted on rubber bushes. 
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The Miller Integrator— 3 


by B. H. BRIGGS, M.A.* 


In the third and concluding part of this series some further applications of the Miller principle are described. 


The Sanatron 


T HIS circuit’ may be used as a 
triggered time base, a generator 
of a delayed pulse, or a dividing 
circuit.t ‘The operation is funda- 
mentally the same in each case. The 
circuit and waveforms are shown in 


Fig. 18. Vi is a normal Miller 
valve, and is suppressor-switched 
by Vz. The circuit is triggered by 


means of a negative pulse of 60 V 
amplitude on the suppressor V2. 


Quiescent Condition 


In the quiescent state, before the 
arrival of the triggering pulse, V: 
and V: are both drawing grid 
current, and V2 is bottomed. The 
resistive network R:,R: is designed 
so that the suppressor of V: is then 
below cut-off. The anode of V: is 
therefore caught by the diode D: 
at potential Vo’, and all the space 
current in V: is flowing to the screen 
grid. 


Initial Jump 


When the triggering pulse arrives, 
the suppressor of V: is cut off, the 
anode rises, and the suppressor of V: 
is brought above cut-off. (The 
condenser Cs is included to reduce 
delay in this action). As anode 
current can now flow in V: the usual 
initial drop occurs at the point A, 
which is connected to the grid of V: 
by the Miller condenser C, and a 
larger drop occurs at B. The mag- 
nitude of the additional drop is R:x 
(current in Rs) 

Vo — Vr’ V 

Rs Ri + R 
As the point B is connected to the 
grid of V2 via C: the grid of V2 falls 
further than the grid of V:, and the 
values are arranged so that V2 is 
cut off, its grid being caught at 

~— 5 V by the diode Ds. 


Run-Down 


: the normal 
This run-down is 


Vi now performs 
Miller run-down. 





* Cavendish Laboratory, Cambridge. 

t ie., a circuit which accepts a regular series of input 

pulses, and delivers one output pulse for every 

n’th input pulse. Though sometimes cal 
counting circuit’’, The Sanatron is not a true 

counter, as it will not work with irregular input pulses. 



































TRIGGER 


WAVEFORM 
or V,. 


SCREEN 
or l 





Time 
R, (C+e, + 


Fig. 13. The Sanatron circuit and associated waveforms 


fed to the grid of V2 via C: (neglect- 
ing the small resistance Rs) and can 
be arranged to hold the grid of V: 
permanently against the diode Ds, 
whose anode is connected to a poten- 
tial of —5 V, so that V2 remains cut 
off. The condition for this to occur 
can be found as follows. The rate 
of the rundown is: 
dV. ee 


a: @ 





The current in C:, assuming that its 
lower plate remains at a fixed poten- 
tial, is therefore : 
CV’ 
l= = 
na” oe 
This current is opposed by a cur- 
rent (V + 5)/R: in R: tending to 
pull the grid positive, and the con- 
dition that V: remains cut off is: 
CV’ x + 5 


CR” Ri 
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This condition is essentially C:R: > 
CR, and to allow ample safety 
margin it is common to make CG:ik: 
= 1.5 CR. 

Thus V: remains cut off even 
after the end of the triggering pulse, 
the suppressor of Vi remains at 
earth potential (caught by D:), and 
the run-down continues until Vi 
bottoms. 


Flashback 


When V: bottoms, feedback to 
both control: grids ceases, and both 
grids rise under the action of the 
grid leaks R and R:. As soon as the 
grid of V: reaches cut-off (which it 
does very quickly, as it was held 
just below cut-off by Ds), the anode 
of V: falls; the suppressor of V: 
is cut-off, and the anode of V: 
rises. As this rise is fed-back to 
the grid of V2 there is a cumulative 
action, and V:2 is turned hard on, 
ensuring a rapid cut-off on the sup- 
pressor of V:. The usual exponential 
flashback occurs, the time constant 
being Ri(C + C: + C strays), the 
anode being caught at potential 
Vo’ by Ds. The circuit is now 
quiescent until the arrival of the 
next triggering pulse. 


The use of this circuit as 
triggered time base is obvious; 
variation of V»’ forms an amplitude 
control, and variation of V a 
speed control, while C and C: may 
be switched together in steps for 
the different ranges. The screen 
waveform of V: is suitable for use 
as a brightening-up waveform. Two 
alternative methods of triggering 
are: 


(a) On the grid of V: with a nega- 
tive pulse of about 10V 
amplitude. 


(b) On the cathode of D: with a 
negative pulse of about 20 V 
amplitude. 


Other Uses of the Sanatron 


Fig. 14(a) illustrates the use of 
a Sanatron for the production of 
a delayed marker pulse (coincident 
with the end of the run-down), 
and Fig. 14(b) as a counting-down 
or dividing circuit. When used as 
a divider, method (b) of triggering 
must be used. The triggering 
pulses can then have no effect 
during the run-down or flashback, 
because the diode D: is non- 
conducting. With other methods of 
triggering it would be possible to 
re-trigger the circuit during the 
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flashback, and instability would 
result. In both cases the square 
wave at the screen or anode of V: 
is used to provide the output pulse 
(after differentiation and‘ shaping), 
or a differentiating pulse trans- 
former is used to produce an output 
pulse, as explained later. 


In both these applications it is 
the total duration of the run- 
down which is important, rather 
than the rate of the run-down. 


In the case of the delay circuit 
it may be desired to calibrate the 
control which varies the delay (i.e., 
for range measurement), and it is 
desirable that this calibration shall 
remain accurate in spite of valve 
replacements, etc. Again, it is the 
stability of the total delay time 
(run-down and flash-back in this 
case) which determines the maxi- 
mum number of pulses which may 
be counted as in Fig. 14(b), as there 
must be ample margin to prevent 
the count jumping from one in- 
tegral number of pulses to the next, 
due to random fluctuations in 
supply voltages, or valve replace- 
ment. It is therefore important to 
consider the factors which influence 
the precision of the total delay 
time. 


Let 8V be the magnitude of the 
initial drop, and (V2). the bottoming 
potential of the valve. Then the 
total duration of the run-down, 7, 
is given by: 
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av. . 
where —— is the mean rate of 


dt 
the run-down. If the potentials 
Vo’ and V are obtained by means of 
resistive potential dividers from the 
same H.T. potential V», fluctuations 
in the latter will have very little 
effect on the value of 7:1, because 
Vo’ and V will vary proportionally, 


dv. . ; 
and —— is proportional to V. 


dt 
The smaller 6V and (Va)o, the more 
nearly will T: be independent of 
supply voltages. Also, it may be 
noted that, neglecting the second 
order effects, T: is proportional to 
the voltage V>’ and inversely pro- 
portional to’ V; features used in 
automatic ranging circuits’ and in 
various electronic computors. 


The initial drop 65V will vary 
from valve to valve due to grid 
base variations. In addition, stray 
capacity from grid to earth will 
increase 6V (at the anode) by an 
uncertain amount. This effect is 
due to the potential divider action 
of the capacities between anode, 
grid, and earth. If Cyc is the stray 
capacity from grid to earth, the 
initial drop at the anode will be: 


$V = a) (initial drop at grid) 
aaa (28) 


If it can be arranged that both 6V 
and (V2). are of the order of 1 per 























i= ah Se cent. of Vo’, an overall accuracy of 
dV. considerably better than 1 per cent. 
WEF Aas ensvausiaee (22) may be expected, as a two-to-one 
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Fig. 14. Two applications of the Sanatron 


(a) Production of a delayed marker pulse 


(b) Frequency dividing application 
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fluctuation of their value is unlikely. 
There are thus two criteria in 
design : 


(1) To keep 8V small, C must not 
be appreciably less than Cee. This 
sets a lower limit to the permissible 
value of C, of the order of 20 pF. 


(2) Good bottoming is required. 
This involves in the first place the 
choice of a valve with a low bottom- 
ing potential (the EF50 can be 
recommended in this respect), the 
use of a high anode load, and a 
high screen grid potential. 


A limitation will be encountered 
here when the maximum permis- 
sible screen dissipation is reached. 
This is usually the limiting factor* 
to the maximum speed of the run- 
down, particularly when the run- 
down occupies only a small frac- 
tion of the total time between 
triggering. In the quiescent period 
the screen current should be able 
to rise to several times its value 
during the run-down, in order to 
obtain good bottoming. 


The duration of the flash-back is 
not particularly important in 
Fig. 14(a), but in Fig. 14(b) varia- 
tion of flash-back time may result 
in instability of the count. It has 
been shown above that with the 
correct method of triggering it is 
only possible to trigger the circuit 
during the period BC, and in the 
particular cycle shown, the next 
run-down is initiated by the input 
pulse Y. If the period AB were to 
become shorter, it would be possible 
for the circuit to trigger on pulse 
X, thus reducing the count by one. 
For this reason it is desirable to 
have a fast flash-back, and if 
ossible the period AB should be 
ess than the interval between the 
input pulses. The use of a large 
inductance in the anode circuit 
(Fig. 7(b), Part II) is common, in 
order to obtain a fast flash-back with 
the high value of anode load which 
is necessary for good linearity and 
good bottoming. 


The Phantastron 


The Phantastron’ is a single valve 
circuit which performs roughly the 
same functions as a Sanatron. The 
accuracy is lower, and the circuit is 
not suitable for use as a time base, 
owing to the fact that the linear 
sweep is preceded by an _ initial 
drop of about 50 volts. Its most 





* This limitation is removed in the screen-controlled 
Sanatron (see ref. 1). 
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Fig. 15. The Phantastron circuit and appropriate waveforms 


common application is as a divid- 
ing circuit, particularly where a 
series of dividers are required and 
economy in valves is important. 


The circuit and wave-forms 
appear in Fig. 15. It is usual to 
use a special valve (e.g., AC/SPi) 
for this circuit, which has a short 
suppressor base (t.e., the negative 
mi required on the suppressor 
to cut off the anode current is of the 
order of a few volts). The presence 
of a relatively large resistance in 
the cathode considerably modifies 
the performance as compared with 
the various Miller circuits pre- 
viously described. This resistance 
permits ‘‘ Cathode-follower ” action 
to take place from grid to cathode 


during some phases of the opera- 
tion. For example, in the quies- 
cent state it is no longer true that 
the grid must be very nearly at 
earth potential, for both grid and 
cathode are able to rise in poten- 
tial together, and under the action 
of the grid-leak R they would con- 
tinue to rise until the grid reached 
the potential V, were the grid not 
pr at +50V by the diode D. 
This positive potential of 50 V, to- 
gether with the value of the 
cathode load R:, serve to determine 
the standing cathode current, 
which will be approximately 50/R: 
(approximately, because the cathode 
potential will differ from the grid 
potential by a few volts). For 
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(a) 


Oscillograms illustrating the use of a time-scale display of the type described. 
portion corresponding to the “‘ pedestal "’ in (a). 


definiteness, suppose that the 
cathode potential at this time is 
+52 volts. It is now clear that in 
this quiescent state the anode cur- 
rent is cut-off by the suppressor, 
because the latter is returned to 
fixed potential of +30 volts. Thus 
the whole cathode current is flow- 
ing to the screen grid, and the 
anode is caught at potential Vv’ by 
the diode D:. 


With these starting conditions in 
mind, consider the effect of the 
negative triggering pip applied ta 
the cathode of D2. As the latter is 
conducting, the pip appears at the 
grid (via C), and also at the cathode 
(by cathode-follower action). The 
triggering pip must be of sufficient 
amplitude to carry the cathode to 
the point at which the suppressor 
grid is no longer biased off. Thus, 
a 22V amplitude of pip will carry 
the cathode to +30 volts, so that 
the relative suppressor to cathode 
voltage is zero. Anode current 
therefore begins to flow, so that 
there is a fall of potential at the 
anode, which is fed to the grid via 
C. It is clear that there is a trigger 
effect, provided the triggering pip 
exceeds a critical amplitude. The 
grid, anode and cathode fall to- 
gether in potential, and to deter- 
mine the magnitude of this initial 
drop, a similar argument to that 
used for the normal Miller circuit 
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intervals are 0.1 and | mS. 


(suppressor switching) will be 
applicable. In fact, the cathode 
current immediately after the drop 
must be small, owing to the high 
anode load, and therefore’ the 
cathode must fall approximately 
50 V. A normal Miller run-down 
now takes place, modified only by 
the fact that the gain of the valve 
is reduced by negative feed-back in 
the cathode, so that grid motion is 
increased. To put it another way: 
the relative grid to cathode volt- 
age varies in the same way as 
before, but the cathode itself rises 
steadily in potential during the 
run-down. This rise is approxi- 
mately linear during the initial part 
of the run-down, but when the 
anode potential falls below the 
“‘ knee ”’ of the I1,V«. characteristic 
the rate of rise rapidly increases 
(Fig. 15). When the cathode 
** passes ’’ the suppressor potential 
a reverse trigger action takes place 
and anode current is cut off, all 
the cathode current flowing again 
to the screen grid. The grid is 
pulled rapidly positive until caught 
at +50V by Ds, and the anode 
returns on an exponential curve 
towards V» until it is caught at 
potential Vo’ by D:. The initial 
conditions are now set up again and 
the circuit is quiescent until the 
next triggering pip. 

By placing a resistance in series 


In (a) the intervals are at |, 5, and 20 mS, 
In this record the time scale has also been superimposed on the trace to avoid parallax. 


October, 1948 





(b) 


(b) shows an expanded 
Time 


with the screen grid a square wave 
is obtained of opposite polarity to 
that at the cathode. By differen- 
tiation and shaping of one of these 
square waves output pulses of 
either polarity can be obtained. 
The fact that two phases of out- 
put are available is an advantage 
when compared with the Sanatron, 
which gives only one phase. 


Disadvantages of the Phantastron 
are the presence of the large 
initial drop, and the fact that the 
special valve requirea has a much 
inferior screen - to - anode - current 
ratio when compared with a valve 
of the EF50 type. The former 
makes the circuit less precise, 
because the initial drop is a larger 
fraction of the total run-down, so 
that the operation is more affected 
by strays, (see remarks on accuracy 
of Sanatron). The latter means 
that the screen dissipation limit is 
reached sooner in the Phantastron 
than in the Sanatron, so that con- 
siderably lower rates of run-down 
can only be obtained. 


As a divider the operation is 
similar to that of the Sanatron, and 
the same factors are applicable in 
design. Very often a series of 
Phantastrons are used to count 
down by a large factor from a 
primary crystal oscillator. For 
example, with a 1 Mc/s., crystal 
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Fig. 18. Production of a “ height- 
’ corrected ”’ time base 
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Fig. 17. Differentiating 
pulse transformer 


oscillator, three Phantastrons in cas- 
cade, each dividing by 10, will give an 
output repetition frequency of 1 Kc/s. 
and locked to this, calibration pips 
are available at 1 Usec., 10 Hsec., 
and 100 #sec. intervals. By suitable 
mixing, these pips can be made to 
give a “ ruler-type ” calibration, of 
the type shown in Fig. 16, for time 
measurement purposes, the 1 Ke/s. 
pulses being used to trigger or 
synchronise whatever apparatus is 
in use. 


Use of Pulse Transformers 


While ordinary differentiation and 
shaping of the appropriate square 
wave is one method of extracting an 
output pulse, coincident with the 
end of the run-down, it is often 
possible to effect a saving of valves 
and components by the use of a 


° 1 o 
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differentiating pulse transformer. 
Such a transformer is placed in a 
part of the circuit where a square 
wave of current will flow through it, 
e.g., in the screen of V: in Fig. 13, 
or in the screen of V: in Fig. 15. 
It consists of a transformer with a 
suitable value of inductance, loaded 
resistively on primary and secondary 
(Fig. 17). When the secondary 
load is reflected to the primary, the 
transformer appears simply as an 
inductance L in parallel with a resis- 
tance R. If L/R<<T:, it will 
differentiate the square wave of cur- 
rent passing through it, the voltage 
developed across it consisting of pips 
with back edges of time constant 
L/R (Fig. 17(d)). Either phase of 
output can be obtained from the 
secondary, or, by the use of a 
centre-tapped secondary, both phases 


) 
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can be obtained simultaneously. 
The detailed design of a_ suit- 


able transformer is described in 
Reference (3). The width of the out- 
put pulses is not affected if L and R 
are both increased in the same ratio, 
and this process will increase the 
amplitude of the output, but a 
limit is reached when undesirable 
“ringing”? occurs, due to in- 
adequate damping.} It is desirable 
to divide the required load resis- 
tance between primary and _ secon- 
dary as in Fig. 17(a), as this gives 
improved damping. It is not usually 
possible to obtain appreciable step- 
up in a differentiating pulse trans- 
former. 


It is often desired to “‘ mix” a 


set of pips, as in the production of 
the ruler-type time calibration 
described above. If the pips are 
obtained from pulse transformers 
this is simply achieved by placing 
the various secondaries in series. 


Generation of other than Linear 


Waveforms 


For special time bases or other 
requirements it is often desired to 
produce a potential which varies in 
time in accordance with a known 
non-linear law. If specifically non- 
linear devices are excluded, and it is 
desired to produce a required law by 
means of linear circuit elements 
only, in conjunction with suitable 
feed-back, then there are many 
simple functions which it is impos- 
sible to produce, e.g., we cannot 
produce a variation Vt. We may 
briefly indicate here what functions 
it is possible to obtain in this way. 


In principle, the use of valves with 
feedback does not enable any wave- 
forms to be produced which could 
not be obtained from a passive net- 
work consisting of resistances, con- 
densers, and inductances only. Feed- 
back is used to enable the wave- 
forms to be obtained at conveniently 
large amplitude levels without com- 
plications due to valve non-linearity. 
Therefore, any waveform which can 
be produced must be a solution of 
a linear differential equation with 
constant coefficients, and must there- 
fore be expressible as a sum of 
terms of the form te”. As the initial 
part of an exponential can be made 
to conform as closely as desired to a 
linear variation, we can, as a special 
case, produce any function which 





+ For L/R=1p sec, output pulses of the order of 
50 volts amplitude may be expected in a typical 
circuit with reasonable freedom from ringing (R order 
of 10,000 ohms). 
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can be approximated by a small 
number of terms of the form: 


f(t) = ao + at + art’? + (24) 


For example, by means of a normal 
Miller valve, a linear potential 
variation can be produced, and by 
successive integrations with follow- 
ing valves we obtain voltages pro- 
portional to ?#’,t’, etc. By adding 
these voltages in the necessary pro- 
portions, the function f(t) can be 
built up. 

Alternatively, depending on the 
actual form of the function, it may 
be better to use an expansion in 
exponentials : 


f(t)=aot+ase-*/+ are-*/+ ... (25) 


This is used in air-borne P.P.I. radar 
displays to produce a ‘“‘height- 
corrected”? time base.‘ The range 
of a target measured from the air- 
craft is the “ slant’ range, and if 
the picture on the P.P.I. screen is 
to correspond with an actual map of 
the ground beneath, it is clear that 
a non-linear time base is required; 
also the time base must start on 
receipt of the first echo returned 
from the ground. The time varia- 
tion required is easily shown to be: 


f(t) < Vet + 4ht ............... (26) 


where h is the height of the aircraft 
and c is the velocity of radio waves. 
This function has the form of a fast 


initial portion which slows down and- 


gradually becomes linear as time 
goes on. The time scale of the non- 
linear part depends on aircraft 
height h. 

Fig. 18 shows a circuit which has 
been used to approximate to the 
desired waveform. ° Fig. 18(a) is a 
simplified version, with a single time 
constant. The electronic switch 
closes at the same instant that the 
normal suppressor switching initiates 
the time base. A transient current 
flows in R: and C: equal to: 


V 





— p—t/Ric, 
=" 
The total current in C is: 
Vv aE 
vk — p—t/R, Cc, 
5 e* 
and 
dV. Lr Vv. 
Re fees, Ss eer — e-*t/Ricy 
dt clr * R° vs] 
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or 
Va. = —kt — GRk el e~ */R1°1) 


This curve is shown in Fig. 18(b). 
By using a network of the form 
shown in Fig. 18(c) any number of 
additional exponential terms may be 
introduced and the desired curve 
can be approached as closely as 
desired. 


Applications to Electronic Calculators 


The principle given above finds 
other applications in electronic cal- 
culators. It is algp possible to use 
a Sanatron type of circuit for 
calculating purposes. A_ single 
example must suffice, as the possi- 
bilities are very numerous. Let Vi 
and V: be two given D.c. potentials. 
Let Vo’ in a Sanatron be made pro- 
portional to Vi and V to V:. Then 
the duration of the run-down is pro- 
portional to V:/V:. Now take the 
output square-wave and integrate it. 
The integral is a linearly rising volt- 
age and the peak voltage reached 
is proportional to the duration of 
the square wave, and therefore to 
V:/V:. If the saw-tooth waveform 
is peak rectified, a steady D.c. poten- 
tial results, proportional to V:/V:. 
It is clear that the circuit continues 
to ‘‘ divide’’ V: by V: even if the 
potentials are varying, provided 
that the variations are slow com- 
pared with the operation of the 
Sanatron. Thus we have a means 
of dividing one quantity by another 
continuously. 
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The Schlieren Effect in 
Electron Optics 


R. L. L. MARTON, of the U.S. 

National Bureau of Standards, 
has developed an electron optical 
analogy to the Schlieren effect* for 
the quantitative study of electro- 
static or electromagnetic fields 
which are not susceptible to other 
types of investigation. 

By means of the new technique, 
a dark-field- image of the field 
occurring between an_ electron 
source and a lens is formed beyond 
the focal plane of the lens. In this 
way it has been possible to obtain 
a visual representation of fringe 
fields from the small domains of 
spontaneous magnetisation in ferro- 
magnetic materials. The charac- 
teristics of such a pattern can be 
used to compute the field distribu- 
tion in the region studied. 

In applying this technique to the 
investigation of steel wire for 
recording, the wire was placed 3 cm. 
from a magnetic lens having a free 
bore of 16 mm. and was irradiated 
with an electron beam of 40 KV. 
After a magnified image of the wire 
was focused on to the fluorescent 
screen the direct rays were ‘inter- 
cepted by a stop of 1 mm. diameter. 
When the stop was _ placed partly 
across the visual field, a _ partly 
bright, partly dark-field image of 
the wire was obtained in which the 
Schlieren image of the magnetic 
field on both sides of the wire was 
readily recognisable. 

It has been suggested that this 
method may be useful in solving prob- 
lems in the structure and elastic 
properties of metals. Experiments 
now planned by the Board include 
a study of the behaviour of fring- 
field patterns as a function of tem- 
perature up to the Curie point. An 
extension to ferro-electric materials 
is also contemplated for checking 
the domain theory of such metals. 


—Technical News Bulletin 
National Bureau of Standards, 


July, 1948. 





* Schlieren Effect: A dark-field image produced by 
variations in the optical density of a refracting 
medium, obtained by intercepting the direct rays 
from the light source by a stop and focusing the 
image of the medium on to a conjugate plane 
beyond the stop. 
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Infra-Red Spectrometer 


Bins equipment is used for the analysis of 
media having absorption bands in the 
infra-red region, particularly hydrocarbons 
and exhaust gases. The apparatus comprises 
an interrupted infra-red source, a mechani- 
cally oscillated prism of rock salt, a detector 
sensitive to infra-red and a cathode ray 
display unit having a time base synchronised 
with the prism. 


A Nernst filament is used as the source and 
the mirror-focused beam is interrupted by a 
20 c/s. chopper disk so that the ultimate 
output may be handled by an A.C. coupled 
amplifier. The beam is passed through a 
narrow slit and thence to the prism, which, 


_ as it is oscillated by a motor and cam, 


presents the infra-red spectrum sequentially 
to a corresponding exit slit. The specimen 
under test may be positioned at either end 
of the system—that is, before the entrance 
or after the exit slit. 


Electronic Engineering 


The output beam is focused on the sensi- 
tive element of a thermistor bridge and the 
intensity at any moment thereby converted 
into terms of varying potential at a frequency 
of 20 c/s. which is amplified and applied to 
the vertical axis of the tube, the horizontal 
time base being synchronised with the 
movement of the prism in such a way that a 
frequency response curve is plotted. If 
required, the 20 c/s. component may be 
smoothed out by the introduction of a low 
pass filter, or the signal may be used to 
modulate a 500 c/s. square-wave for applica- 
tion to the tube. Asingle-pen tape recorder 
is also incorporated. This equipment was 
evolved in collaboration with the Anglo 
Iranian Oil Co. Ltd., being based on a 
design by E. G. Daly and G. B. B. M. Suther- 
land. 

Marconi Instruments Ltd., 
St. Albans, Herts. 


The Marconi Cathode Ray Infra-Red Spectrometer 
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Electronic Equipment 


A monthly record of British electronic apparatus, components, and 
accessories, compiled from information supplied by the manufacturers. 







High-Speed Electronic Flash Tubes 


Tt first of a very wide range of electronic 
flash tubes has recently been announced 
by Mullard Electronic Products Ltd. 

The LSD3 is a compact tube especially 
suitable for lightweight portable photo- 
—_ flash equipment. It has a 4-pin valve 

ase, and has a flash energy of 100 joules and 
a flash duration of approximately |/3000th 
second. 

The LSD3A has the same characteristic as 
the LSD3, but has a 3-pin base for replace- 
ment in existing equipments. 

The LSD4 is a 400-joule flash tube for 
studio equipment with provision for the use 
of an internal modelling lamp. It is mounted 
on a 3-pin base. 

The LSD7 is similar in dimensions. and 
general characteristics to the Type LSD3, 
but permits nearly twice the energy dissi- 
pation and light output. 

Mullard Electronic Products Ltd., 
Century House, Shaftesbury Avenue, W.C2. 
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Redifon Radio Heater, Type RH 24 


HIS industrial radio heater (left) is 

specifically designed for dielectric heating 
applications such as the pre-heating of 
plastic powder of preforms and similar tasks. 

The output of over 350 watts is equivalent 
to 20 B.T.U. per minute which is sufficient 
to preheat 4 oz. of normal wood-filled 
phenolic powder in one minute. 

This low-powered di-electric heater em- 
ploys a single oscillator valve of the latest 
repairable silica envelope type which gives 
greater circuit efficiency and is particularly 
notable for its reliability and low overall 
running costs. Setting up and operating are 
simple. 

The Redifon feature of automatic adjust- 
ment of electrodes to conform with the load 
is retained, and setting-up for any particular 
operation only entails adjusting the airgap 
by means of the external control. No 
further adjustment is required until the 
type of load or heating cycle is changed. 

Mains supply 200-250 volts, 50-60 c/s. 
single phase A.C. Power consumption is 130 
watts standby, 1.01 KW on full load at 
power factor of 0.84. The frequency varies 
between 48 to 55 Mc/s. dependent on loading 


conditions. 
Rediffusion Ltd., 
Broomhill Road, London, S.W.18. 
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Ceramic Capacitors 


the photograph above two new ceramic 
capacitors are shown. On the right is a 
ceramic television smoothing or H.T. 
by-passing capacitor 50 mm. long and 20 mm. 
diameter with a capacitance of 1,000 pF, and 
rated at 10 KV D.C. working. On the left 
is a ceramic high current lead-through 
capacitor for R.F. heaters and radio trans- 
mitters intended to act as a feed-through 
bushing with a capacitance to earth of at 
least 1,000 pF, and having a centre rod 
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capable of carying 200 amperes. unit 


Four Station Tuner United Insulated Company Ltd., in Cl 





|= tuner is intended to simplify the construction of broadcast Oakcroft Road, Tolworth, Surbiton, Surrey to te 
receivers, car radios and feeder units for quality amplifiers. By v9 t! 
the use of special windings it is possible to tune each coil over the PT 9 
whole of its band (MW 200-530, LW 850-2,000 metres) and thus tnd eg 
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Stabilised Power Supply Unit, Type No. 705 ta 
Tt instrument is A.C. mains operated and housed in a standard curre 
metal case with black anodised aluminium front panel. It is Th 

suitable for face mounting on a standard 19 in. rack or for bench less 

use. The stabilising action is obtained through a D.C. amplifier, hold 
the grid of which is fed from a temperature compensated voltage a re 

sensitive bridge. This amplifier in turn controls the three parallel unsk 

connected power valves which are placed in series with the load. lime 
Three outputs in parallel are brought out, two to 4-pin sockets thro 
with plugs, and one to a set of terminals. The H.T. negative or the plete 

H.T. positive and the centre tap of the heater supply, may be by t 

earthed by removable links. so. 
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A Test Oscillator for Quartz Crystals 


By R. TERLECKI and J. W. WHITEHEAD,* B.Sc., M.ILE.E- 


UARTZ crystals—and particu- 

larly those for the higher 
frequencies—which remain unused 
for considerable periods, frequently 
fall off in performance and some- 
times become unserviceable. In 
such circumstances, it is necessary 
to be able to test crystals and to 
oscillate them periodically to prevent 
deterioration. The unit described 
below has been devised for these 
purposes. 

Essentially it consists of a. cathode 
feed-back oscillator (Fig. 1) with a 
0.500 HA meter in the anode circuit 
to indicate crystal ‘‘ goodness.’’ An 
external power supply is used, and 
in the case in point the cable carry- 
ing the supply terminates in an 
octal valve base which may be 
plugged into a power unit or 
inserted in the output valve holder 
of any conveniently available 
receiver. 

It is relatively simple to make pro- 
vision for the testing of several of 
the many ‘‘ standard’”’ crystal 
assemblies which are available. The 
unit illustrated in Fig. 2 and shown 
in circuit form in Fig. 1 can be used 
to test American crystal types such 
as the DC-8, -9, -11, -16, -20, -26, 
FT-243, CR-IA/AR, CRR-40023, 
CRR-40023A, and British crystal 
types 4002 and 4004. The octal 
valve socket on the test set is used 
for all crystals in octal holders and 
for types FT-243 and DC-20. The 
last two are plugged into pins 2 and 
8 of this socket. The remaining 
types plug into the special socket 
provided. 

In testing a crystal, the reading 
on the meter incorporated in the 
unit is noted prior to plugging the 
crystal into the appropriate socket. 
It will be about 400 #A. On insert- 
ing the crystal, the meter will deflect 
to about 250 4A if the crystal is a 
good one. If the crystal is defec- 
tive, the meter needle will kick and 
then return to the original standing 
current, 

The production cost of the unit is 
less than that of a crystal and 
holder, and it is capable of use by 
unskilled hands. In a very short 
time it can be made to repay its cost 
through crystals saved from com- 
plete failure by regular oscillation 
by the unit every four months or 
$0. 





Fig. |. Circuit diagram 
of test oscillator 
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Fig. 2. Photograph of test oscillator, showing 
sockets for various types of crystal holder 











Columbia 
“ Microgroove ” Records 


A new library of recorded music 
has been announced by Columbia 
Records, Ine., of America, which 
consists of a series of long-playing 
10 and 12 in. records run at 33) 
r.p.m. 

The records are pressed on viny- 
lite, which has a very low surface 
noise, and the 12 in. disks play for 
5 minutes on both sides, thus 
enabling a complete symphony to 
be recorded on one disk. 

The groove size, from which the 
name ‘‘ Microgroove’”’ has been 
derived, is only 0.0027 in. to 
0.003 in. The cutting stylus has an 
angle of 87° = 8° and a tip radius 
of less than 0.0002 in. The record- 
ing characteristic shows a slight lift 
in the bass above the normal charac- 
teristic, and the recommended pick- 
up is 6 gm. with a 0.001 in stylus. 
The stylus velocity for full modula- 
tion is said to be 3.5 em. /sec., which 
is about 4 db. below standard 78 
r.p.m. records. 

Special pickups and playing equip- 
ment are already being designed by 
Columbia Records and Phileo in 
collaboration, and the records them- 
selves will shortly be in general 
distribution. 


feist : 
Ungineering, 


August, 1948. 
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A front view of the CBS 3B studio 


control console. ne of the 
unusual features is the use of 
control knobs which light up 
when in use. Overall dimensions 
are 62 inches in length, 34 inches 
in depth, and 394 inches in height 











A Modern Broadcasting Studio Control Console 


By R. B. Monroe and C. A. Palmquist* 


HE CBE 3B console is a 

modern post-war studio con- 
trol unit designed especially for 
use in larger broadcasting studios 
and radio theatres of the Colum- 
bia Broadcasting System. It in- 
corporates in a.relatively small 
em pr unit all the amplifying, 
mixing, monitoring, and _ special- 
effect facilities normally required in 
the production of large - scale 
elaborate radio productions. Despite 
its compact physical size, no sacri- 
fice has been made in accessibility 
for maintenance and servicing of the 
various equipment components. 

It would not have been possible 
to build the CBS 3B console in its 
compact form if conventional com- 
ponents and methods had teen 
employed. Two examples of depar- 
ture from convention to achieve 
compactness are the use of single 
plugs and jacks in place of the more 
conventional twin plugs and pairs 
* Columbia Broadcasting System, U.S.A. Shek 





of jacks, and the use of specially 
developed small size plug-in ampli- 
fier units. Two amplifier types, 
which require only two tube types, 
fill all the amplifier requirements. 
The plate and relay power supply 
units are also of the plug-in type 
and employ rectifiers of the selenium 
type, no rectifier tubes being 
necessary. 

Other unusual features of the con- 
sole include 
rack, plastic control knobs that light 
up to form large, easily visible 
mixer-in-use indicators, and _pilot- 
light panel indicators that change 
colour as a function of key-switch 
setting. Volume indicators equipped 
with a black scale containing fluor- 
escent. divisions and markings which 
are illuminated with ultra-violet 
light are employed. This was done 
to gain experience with a new type 
of volume indicator illumination for 
potential use in darkened television 
control rooms. 


a programme script. 


Visibility into the studio is not 
obstructed by control panels or 
script rack due to the physical de- 
sign which employs a slope back of 
the correct angle to minimise the 
obstruction. This same method of 
improving visibility is also applied 
to each of the two wings which are 
also sloped to increase the operator’s 
visibility to either side of the 
console. 

The amplifier and power supply 
compartments were designed to pro- 
vide adequate ventilation to limit 
the temperature rise of all com- 
ponents to safe limits without the 
use of forced ventilation. The 
mechanical placement of components 
provides maximum separation be- 
tween the power and audio units 
thereby reducing hum pickup to the 
lowest possible value. 

Despite its small physical dimen- 
sions, the audio facilities incor- 
porated in the CBS 8B console 
exceed by far those in any present 
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broadcasting console of comparable 
size. The scope of these facilities 
is shown in the attached simplified 
block diagram. It can be seen that 
an eleven-position mixer which per- 
mits the simultaneous mixing of 
nine studio microphones and two 
incoming programme line channels 
is provided. Programme material 
to these latter two channels may be 
selected from any one of five sources 
by means of push-button selectors. 

Two complete and independent 
programme channels have been in- 
cluded. The second channel, which 
includes duplicate visual and aural 
monitoring facilities, may be used 
as an emergency, test, or utility 
channel. Also included, but not 
shown in this simplified block dia- 
gram, are facilities permitting rever- 
bration to be added to any two micro- 
phone channels; feeds from each mixer 
channel for connexion to an 
external sound reinforcement (public 
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address) mixer circuits for feeding out- 
going programme material to head- 
phones in various parts of the studio; 
and a sound-effects filter which may 
be connected into any desired micro- 
phone channel. A utility volume 
control, utility key switches, utility 
bridging transformer and _ parallel- 
connected jacks are also included. 

A circuit impedance of 150 ohms, 
which has been employed through- 
out, assists greatly in achieving uni- 
form  response-frequency charac- 
teristics at the higher audio- 
frequencies and, in addition, reduces 
cross-talk to an exceptionally low 
value. 

The performance characteristics of 
the CBS 3B console are well within 
the requirements dictated by good 
engineering practice and_ readily 
meet all requirements for AM, FM, 
and television sound broadcasting 
service. The response - frequency 
characteristic of the programme 
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channel is uniform, within 0.7 db. of 
the 1,000 c/s. value, from 50 to 
beyond 15,000 cycles per second. The 
response-frequency characteristic of 
the monitoring channel (including 
the programme channel) is substan- 
tially equivalent to that of the 
programme channel. 

The single-frequency harmonic dis- 
tortion of the programme channel, 
measured at an output level of +20 
dbm. (which is 10 db. greater than 
the normal programme output level 
of +10 vu.), is less than 0.2 per cent. 
from 100 to 15,000 cps., and less than 
0.4 per cent. in the region from 50 
to 100 cps. The distortion through 
the monitor channel (including the 
programme channel) measured at an 
output level of +38 dbm., is less 
than 0.75 per cent. from 50 to 10,000 
cps., and less than 1.0 per cent. from 
10,000 to 15,000 cps. The signal-to- 
noise ratio of the various channels 
range from 738 to 75 decibels. 


















A view of the CBS 3B studio control console with 
all access doors open. 


The seventeen amplifier units are mounted in the 
forward section of the right-hand pedestal while 
other audio components are mounted in the rear 
portion of this pedestal. The power ‘equipment 
including two plate power supplies, a 24-volt d.c. 
relay and pilot-light supply and filament heating 
transformers are located in the left-hand pedestal 
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Electronies 


By F. G. SPREADBURY, A.M. Inst.B.E., 
Lecturer in Physics and Mathematics at the 
Working Men’s College, London 
This is the most up-to-date, comprehensive 
and reliable guide yet published to electronic 
theory and its applications, and is equally 
helpful to the student of modern physics and 
to practical workers in this field. With 
numerous diagrams. 700 pages. 55/- net. 
“Can be recommended .. . is well pro- 
duced, the printing clear and the diagrams 

adequate.’’—ELECTRICAL REVIEW. 


Photoelectric 
Cells in Industry 


By R. C. WALKER, B.Sc.(London.), 
A.M.1.Mech.E., A.M.1.E.E. 
Profusely illustrated. 517 pages, 40/- net. 
‘* An enormous amount of careful study on a 
highly technical level has gone into the 
compilation of this volume, which is packed 
with circuits, diagrams and illustrations 
throughout its 500  pages.’’—BRITISH 
JOURNAL OF PHOTOGRAPHY. 


Pitman 
Parker Street, Kingsway, London, W.C.2 
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‘Principles of Radar 


By Denis Taylor and C. H. Westcott, 
Cambridge University Press, 141 pages. 
Price 12/6d. net. 


Bh igen the third monograph of the 
series on Modern Radio Technique, 
described by its title. No 
attempt has been made to discuss 
detail; the volume is a concise and 
authoritative exposition of the prin- 
ciples of the subject. 


The ten chapters have been carefully 
chosen to give the reader a very com- 
plete conception of modern radar 
systems. Something has been said on 
almost every subject, and the book will 
be valued by the non-specialist as an 
almost ‘‘ popular ”’ description; but, as 
the authors admit, there is little in- 
corporated which will assist the radar 
engineer, and almost nothing which 
gives any inspiration for the future. 
That is left to other monographs of the 
series. The factual nature of the treat- 
numerical examples. This is an excel- 
ment is enhanced by the number of 
lent feature of any book on principles 
and adds considerably to the interest. 
Even where a detailed study of the 
examples would produce major modifi- 
cations of the results, a simple numeri- 
cal statement focusses attention on the 
over-riding factors in the system. 


In Chapter 1 the subject is introduced 
historically and the scope of the book 
is defined. Chapter 2 is concerned with 
the generation and reception of pulse 
signals. Much is chronicled here in a 
very few words, but one would have 
expected some mention of the receiver 
local oscillator valve which shared with 
the magnetron the honour of making 
centimetric radar a practical possibility. 

he third chapter is an_ excellent 
description of the factors affecting the 
performance of a radar equipment. 
This covers an enormous field in which 
aerials, propagation and echoing con- 
stants receive due consideration. 
Chapters 4, 5 and 6 are systematic 
accounts of the standard methods of 
radar procedure for the determination 
of range, azimuth and elevation. Again 
the emphasis falls on the aerial systems 
employed for specific tasks. In spite 
of the breadth of the subject the 
authors are to be congratulated on an 
exposition which is exact and yet read- 
able. Two-dimensional scanning is 
given an all-too-brief mention in Chap- 
ier 7 and the important subject of 
unwanted echoes (‘clutter ’’) is rightly 
given a chapter to itself. In this con- 
nexion it might have been useful to 
add a mention of the relatively un- 
successful study which has already been 
given to this problem. -Chapter 9 is a 
synopsis of the characteristics of some 


is well 


typical equipments and Chapter 10 
deals with secondary radar, including 
F.F. Two useful appendices are 


added, giving standard formulae and a 
shortened theoretical discussion — of 
absorbing, scattering and echoing areas. 
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The reviewer has only one minor 
criticism. Drs. Taylor and Westcott 
have been perhaps too naive in their 
discussion of receiver sensitivity. The 
procedure adopted is suitable for all 
pulse radar applications, but it cannot 
be used in a comparison of the latter 
with, say, communication or C.W. radar 
applications. This is clearly brought 
out by the footnote on page 111 regard- 
ing Doppler systems. The result quoted 
in the footnote does not allow for the 
fact that, as the signal approaches 
noise, it is the R.M.S. value of the 
former which determines its detect- 
ability. 

The book can be strongly recom- 
mended for its clarity and simplicity. 
It is excellently printed in an unosten- 
tatious style. Only one misprint was 
observed, where “‘ reaches ”’ should read 
“reach” in paragraph 3.3.1. 

J. THOMSON 


Television 


By M. G. Scroggie, B.Sc., M.I.E.E. 77 pages 
with 28 illustrations. Blackie & Son, Ltd. 
Price 6s. net. 


N the preface to this book it states 

that it is intended for ‘ the reader 
with only a general interest in modern 
invention. .’ It is not a book 
intended for the engineer, nor could 
it be considered as one suitable for 
introducing the radio technician to the 
subject of television. However, within 
the scope of the writer’s intentions, 
and a 74 page text, it does neverthe- 
less manage to hold a large amount 
of easily readable, accurate informa- 
tion. 

Chapter 1 is entitled ‘“ What Tele- 
vision Involves,’? and it gives a clear 
account of the elements of the subject, 
including an_ introduction, to the sub- 
ject of scanning. The writer attempts 
in one diagram (Fig. 4) the difficult 
task of showing how great is the band- 
width at | by a high definition 
television system in comparison with 
that allotted to a sound pone pe 
service. As the ratio is over 300: 
difficulties are experienced in oe: 
sentation. This reviewer believcs that 
bearing in mind the type of reader 
envisaged, the artifice of changing the 


scales defeats the object. Perhaps a 
spiral scale would have solved the 
problem. 

When considering the maximum 


modulation frequency the writer in 
effect employs the usual equation 
fax = al’p /2 

but unfortunately he does not account 
for the denominator. 

Chapter 2 commences with the state- 
ment ‘‘ We have already seen, in 
Fig. 1, what television was like in 
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REVIEWS 


1880."’ This sentence suggests that 
television had actually been achieved 
by that date. 

This chapter aims at showing how 
some of the technical problems 
reviewed in Chapter 1, have been 
solved in the past. The chapter is 
largely of ‘historical interest, but it 


also forms a_ practical foundation 
which the semi- or _ non-technical 
reader should find easier to digest 


than Chapter 1. 

Chapter 3 explains the application 
of electron optics to modern television, 
and in simple language it covers the 
cathode-ray tube and several types of 
transmitting tubes. 

Chapter 4 explains the nature of 
the standard vision .waveform as 
radiated from Alexandra Palace. This 
reviewer must disagree (after having 
made a test to confirm his theory) that 
the synchronising signals require a 
wider band for transmission than do 
the picture signals. 

Chapter 5 contains a brief, elemen- 
tary and easily understood account of 
the transmission equipment employed 
by the B.B.C. 

Chapter 6 gives an outline of modern 
television receiving equipment. It can- 
not, of course, contain much technical 
information in the few pages allotted, 
and it is suggested that it couid 
with advantage have been expanded a 
little, even if this had meant some 
contraction in the chapters which 
are devoted to transmission. It is 
surely unreasonable to telieve that the 
B.B.C.’s_ transmission staff with their 
technical facilities and training are 
slower at operation than are the 
viewers at home. This impression is 
given when the writer advises viewers 
not to be in a hurry to readjust their 
sets when the picture quality deterior- 
ates but rather to wait for correction 
to be made at the transmitting end. 

Chapter 7 gives an unusually clear, 
accurate, well-balanced and_ easily 
read account of the activities that go 
on behind the scenes at Alexandra 
Palace. 

Chapter 8 sets out to answer many 
of the usual questions which are put 
by the public to television engineers, 
such as ‘‘ Why are transmissions not 
carried out in colour? ”? This reviewer 
while agreeing with most of the 
answers provided must disagree with the 
author’s suggested system of trans- 
mitting whole frames in each of the 
three colours, since this is known to 
give excessive colour flicker, 

These criticisms, most of which are 
on matters of fine detail do not in 
general detract from the value of the 
book, bearing in mind the reader for 
whom it is intended. 

R. C. Wurrexneap 
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Physics for Students of Science 
and Engineering 


William H. Michener. 646 pp. 524 figs. 
(Chapman and Hall, 25s. 6d. net). 


N this book the Assistant Professor 

of Physics at the Carnegie Institute 
of Technology sets out to give a general 
survey of the fundamentals of physics 
suitable for ‘‘ the sophomore student, 
or the well-prepared freshman who 
expects to use his physics in engineer- 
ing or science ’’—which means, pre- 
sumably, that it is roughly equivalent 
in scope and intention to our inter- 
mediate textbooks, The general balance 
of the book is indicated by the subject 


division: Mechanics (143 pp), Heat 
(101 pp), Wave-motion and Sound 
(57), Light (82), Electricity and 


Magnetism (156)—with a collection of 
some 1,000 problems, grouped to cor- 
respond with the paragraphs of the 
book. It is assumed that the student 
is at the same time acquiring an 
elementary knowledge of calculus. The 
style is admirably clear, the emphasis 
throughout being on _ fundamental 
principles and their illustration in up- 
to-date practical applications. Use is 
made of the problems to develop 
many secondary results so that the 
book is pleasantly free from that 
clogging bewilderment of equations 
which spoils so many elementary text- 
books and makes students think the 
study of physics is largely a matter 


of memorising formule. Among a 
number of particularly interesting 
features one may note the careful 


treatment of the problem of units and 
their conversion, and the exclusive use 
in the electrical section of the M.K:S. 
system. In view of our still exam- 
ridden conditions this latter point may 
detract from the book’s usefulness— 
but how much better it would be if 
everyone would follow suit! 


As a general comment it might be 
maintained that it would have been 
preferable to have omitted altogether 
certain topics mentioned casually and 
given the space to a fuller treatment 
of more elementary matters. For 
example, the last chapter on Elec- 
tronics and Atomic Physics contrives 
to consider in the space of 24 pp. an 
enormous range of topics: valves, 
conduction through gases, cathode-ray 
tubes, X-rays, photoelectricity, radio- 
activity, nuclear energy, etc. This 
sort of thing is rather. more frowned 
upon here than in America! However, 
it would be ungrateful to stress this 
criticism. The book is_ excellently 
printed and produced and can_ be 
recommended as a sound, and very 
readable text. 

F. Poynton 


(continued on p. 338.) 
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BOOK REVIEWS (continued) 


Cathode Ray Oscillographs 


J. H. Reyner. 186 pp. 134 figs. 
& Sons. 8s. 6d. net. 


HE second edition of this book 

appeared in 1948, and was doubt- 
less of great value to the many workers 
on radar and communications who 
were meeting the C.R. tube for the 
first time. The author’s original aim 
was to provide a groundwork of theory 
and practice for users of the tube, and 
by drawing on his own considerable 
experience in the field, he has done 
wonders in the space at his disposal. 
The section on synchronising is an 
excellent example of lucid explana- 
tion, and, so far as the reviewer is 
aware, has not appeared in any other 
book on the subject. 

It is a matter for regret that this 
edition (the 8rd.) is marred by the 
non-uniformity of the circuit diagrams. 
Three or four different valve symbols 
are shown, and the crudity of Fig. 181 
is in contrast to the orthodox symbols 
of Fig. 70. It would be worth re-draw- 
ing the diagrams for the next edition 
to improve the appearance of an other 
wise well-produced book. a» 


Pitman 


“One Story of Radar ”’ 


By A. P. Rowe, Cambridge University Press. 
200 Pages. 8/6d. net. 


4G Story of Radar” is more 
than a fascinating factual record 
of the development of radar from its 
conception in 1934, through its birth 
at the tiny Research Establishment of 
Orfordness in 1985, its growth at 
Bawdsey, development at Swanage, 
and its maturity at Malvern. The 
author, active sponsor of the union of 
scientist and air defence service from 
which radar sprang, saw clearly the 
enormous war strength of their off- 
spring, and set himself resolutely to 
secure that continuous intercourse by 
which G.C.I., Gee, A.I., HS and Oboe 
were begotten. 

The book revives memories of the 
burning enthusiasm of the men of 
genius at T.R.E. and of the enterprise 
of Chiefs of the R.A.F. who met at 
the “‘ Sunday Soviets.’? Rowe had the 
gift of being at his ease with the great 
men about him, watchful that they 
could make their contribution, always 
ready with shrewd comment and _tact- 
ful when the contact of diamond and 
stee] produced the inevitable sparks. 

For the success of radar there were 
other requirements less spectacular 
though not less vital. The Chief Super- 
intendent of T.R.E. in the midst of the 
confusion of war-time and of many 
changes of location, had to know how 
to feed, house, and maintain discipline 
and morale in an establishment of 
3,000—and even how to provide laun- 
dering for their shirts! 


The author does not tell us all his 
secrets: the does not tell us how he 
created a Government establishment 
operating efficiently yet with surpris- 
ingly few restrictions, with little time- 
wasting routine work and with every 
member an enthusiast. He does not 
tell us how he managed to find time to 
watch in person the demonstrations of 
many a humble group leader. 

All associated with radar and anyone 
interested in the problems of organisa- 
tion encountered in scientific develop- 
ment and research on a large scale will 
wish to read this book, But it will 
also have a much wider appeal through 
its clear vigorous account of radar, to 
which our victory was largely due. 


G. BRADFIELD 


Television Simply Explained 
By R. W. Hallows, M.A. 194 pp. 6 figs. 
16 plates. (Chapman & Hall, 9s. 6d. net). 


FTER an introduction by Com- 

mander Campbell, in which the 
first personal pronoun occurs 24 times, 
the author sets out on the difficult 
task of explaining television to the 
non-technical reader and really accom- 
plishes it. 

Starting with sound transmission, 
the approach to television is through 
the transmission of still pictures—an 
approach which many lecturers have 
used with success with lay audiences. 
The difficulties of increasing the speed 
of scan for practically instantaneous 
transmission can be appreciated, and 
in fact, the principle of scanning is 
more easily demonstrated. 

There are five chapters on the 
cathode ray tube and its associated 
circuits, and the vision signal is 
explained in detail including D.c. 
restoration. If there are any portions 
slurred over in the explanations, they 
are only those which would naturally 
be dodged by an author not wishing 
to embark on a course of lectures on 
radio as well. Incidentally, the author 
proposes to do just this in a separate 
book, although it is a pity he intends 
to use the obsolete week ‘* wireless.’’ 

There are some excellent photo- 
graphs at the back of the book, and 
the text is’ helped by numerous 
sketches. In Fig. 67 the author shows 
the direction of deflection of the beam 
in relation to the polarity of the 
deflecting field—a small point which 
illustrates the attention to detail and 
the accuracy of the explanations. 

There are chapters on colour tele- 
vision, large screen television, and a 
final note on future possibilities, in 
which the author reminds the reader 
that any drastic change in the present 
system is many years ahead. This was 
recently ones ha by an official 
announcement. 

The reviewer had an opportunity of 
seeing this book in manuscript form, 


and has no hesitation in repeating in 
0 the remarks which were made to 
ajor Hallows in a letter: 

“TI hope that it will meet with the 
success it deserves. It is the first real 
attempt to explain television clearly 
and reasonably, and I for one will 
recommend it to all non-technical 
people.”’ 

G. Parr 


Waterbury’s Handbook of 
Engineering 


(4th Edn.) Size 3 in. by 54 in. deep. 
(Chapman & Hall. 15s. net). 


ken is a true pocket book of engi- 
neering data, as will be noted from 
its size, Originally published in America 
under the title.: ‘‘ A Vest-pocket Hand- 
book of Mathematics for Engineers,” 
the contents have been revised by five 
Professors of Engineering and Mathe- 
matics and the result is a useful and 
compact collection of information, 

The sections are conveniently identi- 
fied by thumb guides on the pages, and 
include mathematical formule, mecha- 
nics of materials, fluids, heat engines, 
electrical engineering, and radio. 

It is confidently expected that this 
handbook will prove very popular with 
engineering students, especially as _ it 
includes five-figure tables. 


314 


A New Mathematical Quarterly 


HE first issue of a new Quarterly 

Journal of Mechanics, and Applied 
Mathematics appeared in March, 1948, 
price 12s, 6d. per issue. 

The journal is intended to provide a 
medium for the publication of papers 
on classical mechanics and mathemati- 
cal techniques, and the subjects covered 
are: Hydrodynamics (including aero- 
dynamics) Elasticity and Plasticity, 
Non-linear Mechanics, Heat Conduc- 
tion, Ballistics. 

An editorial board of 22 includes 
Profs. Hartree and Willis Jackson, and 
Sir Charles Darwin, and the executive 
editors are G. C. McVittie and V. C. A. 
Ferraro, of Kings College, Strand, to 
whom MSS should be submitted. 

Among the papers in the first issue 


are : 

‘On th2 Formation of Shock Waves 
in Supersonic Gas Jets ’’—D. C. Pack. 

‘Variational Principles of maxi- 
mum Plastic Work in Classica] Plasti- 
city ’’—R. Hill. 

“On a Function Associated with the 
Logarithmic Derivatives of the Gamma 
Function ’’—D Hartree and S. 
Johnston. 

The publisher is Geoffrey Cumberlege 
of the Oxford University Press, War- 
wick Square, E.C.4, and the subscrip- 
tion is 40s. post free for four consecu- 
tive issues. 
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CORRESPONDENCE 


Dear Sir,—The_ reduction in 
residual anode-current ripple 
brought about by demagnetising a 
valve electrode structure, remarked 
upon by Dr. Grey Walter and 
Messrs. Shipton and Warren in their 
letter in your July issue, may 
perhaps be explained by comparison 
with the operation of the normal 
magnetic telephone earpiece as 
described in Terman’s’ Radio 
Engineering, if it is assumed that 
modulation of the valve anode cur- 
rent is due to relative physical 
movement of portions of the valve 
electrode structure under the 
influence of the alternating mag- 
netic field produced by the valve 
heater current. 

Terman states that the force act- 
ing on the telephone receiver dia- 
phragm is proportional to the 
square of the flux density in the 
air-gap between the diaphragm and 
the pole-pieces of the magnet 
oll og Then if B. is the flux 
density ‘en to the permanent mag- 
net, and Bs sin t is that due to the 
alternating signal current in the 
magnet windings. 


oc 


Institution of Electrical Engineers 
All meetings unless otherwise specified 
are held at the Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. 
Radio Section 
Date: October 18. Time: 5.30 p.m. 
Inaugural Address as  Vamieaees 
By: F. Smith, O.B.E 
Date: October 19. Time : 5.80 p 
Discussion on ‘ What should Y ‘the 
design considerations of Services’ 
Radio Equipment? ”’ 
Opened by: S. J. Moss and G. C. F. 
Whittaker. 
Measurements Section 
Date: October 26. Time: 5.30 p.m. 
Discussion on ‘‘ Measurement of Phase 
Angle of Electric Circuits.’’ 
Opened by: Arvon Glynne, M.A. 
The Secretary, Institution of Electrical 
Engineers, Savoy Place, W.C.2. 


North-Western Radio Group 


Date: October 20. Time: 6.30 p 
Held at: Engineers’ Club, PAtbert 
Square, Manchester. 


Lecture: ‘‘ The Velodvne.’’ 
By: Professor F. C. Williams, O.B.E., 
oe.» D.Phil., and A: M. Uttley, 


Hon. Secretary: A. L. Green, 244 
Brantingham_ Road. | Chorlton-cum- 
Hardy, Manchester 21, 


Demagnetising Valves 


Total pull on diaphragm : 
(Bo + Bs sin wt)? 


= By'+2B.Bs sin ot + = wre -Cos 20¢) 
The first term represents the con- 
stant pull produced by the perma- 
nent magnet; the second denotes a 
force alternating at the same fre- 
quency as the alternating com- 
ponent of the flux and proportional 
in amplitude to the strength of the 
permanent magnet; the third term 
contains second harmonic distor- 
tion and will be relatively small 
if B.Bs, but will be the only term 
present if Bo is reduced to zero. 


The above explanation could 
perhaps be adapted to fit the 
observed result by substituting two 
portions of the vanes electrode struc- 
ture, relative movement of which 
could modulate the anode current, 
for the diaphragm and pole-pieces 
of the earpiece, and the valve heater 
current for the signal current in the 
magnet windings.—Yours truly, 


J. V. CoRNEY 
Forest Gate. 


Sir,—The suggestion which Mr. 
Corney makes as to the cause of the 
effect which we noted is interest- 
ing but calls for further comment. 
At first sight it would seem unlikely 
that there would be much flux pro- 
duced by non-inductive heaters, and 
it was with modern H.F. pentode 
valves that the effect was noticed. 

Since the effect is diminished by 
a relatively weak external a.c. field, 
it is surprising that the heater field 
does not itself diminish the effect. 
So far as we can see, the effect 
persists over long periods of use. 

We should be interested to know 
if Mr. Corney has performed any 
quantitative experiments to estab- 
lish the magnitude of the electron 
stream modulation if it is assumed 
that various valve components are 
magnetised. 


H. W. Suipton, 

W. Grey WALTER 

W. J. WarREN 
Burden Neurological Institute. 


TOBER MEETINGS 


The Television Society 
Joint Meeting with B.K.S. 
Date: October 27. Time: 7.15 p.m. 
Held at: The Gaumont British Theatre, 
Wardour Street, London, W.1, 
Lecture: ‘‘ Studio and Outside Broad- 
casting Television Practice.’ 
By: T. H. Bridgewater, A.M.I.E.E. 
Lecture Secretary: T. M. C. Lance, 
35. Albemarle Road, Beckenham, 
Kent. 
Constructors Group 
Date: October 18. Time: 7 p 
Held at: Cinematograph Exhibitors 
Association, 146 Shaftesbury Avenue, 


London, W.C.2. 
Lecture: ‘The H.M.V. Television 
Receiver.”’ 
y: G. H. Watson. 
Group Secretary: A. E. Sarson, 22 
Union Road, Bromley, Kent. 
Midlands Centre 
Date: October 5. Time: 7 p.m. 
Held at: Room 6, The Chamber of 
Commerce, New Street, Birmingham. 
Lecture; ‘‘ Description and Demonstra- 
tion of some applications of valves 
and cathode ray tubes in Television.”’ 
By: C. A. Norman, B.Sc., and A. F 
Hayes, B.Sc. 
Hon. Secretary: R. T. Bazxendale, 
e Alcester Road, Moseley, Birming- 
am. 


Institute of Physics 
Electronics Group 


Date: October 5. Time: 5.30 p.m. 
Held at: 47 Belgrave Square, S.W.1. 
Lecture: ‘‘ Valves for low- -noise wide- 


oo width amplifiers.”’ 
R. J. Ballantine and W. E. 
Widlensen. Ph.D., A.Inst.P. 
Group Secretary: J. W. Warren, 
Research Laboratories, The General 
Electric Co., Ltd., Wembley. 


Institution of Electronics 
North-Western Branch 

All meetings are held at the Reynolds 
Hall, College of Technology, Man- 
chester. 
Date: October 12. Time: 7.30 p.m. 
Lecture: ‘‘ Electronic Developments in 

Instrumentation.”’ 
By: D. Edmundsen, B.Sc., A.M.I.E.E. 
Hon. Secretary: L. F. Berry, 105 Birch 

Avenue, Chadderton, Lancs. 


British Sound Recording Association 
All meetings are held at the Royal 


Society of Arts, John Adam Street, 
London, W.C.2. 

Date: October 22. Time: 7 p.m. 
Lecture and Demonstration: ‘* The 
Limitations of the Loudspeaker.”’ 

By: P. S. Walker. 

Hon. Secretary: R. W. Lowden, 
Napoleon Avenue, Farnborough, 
Hants, 
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MEASUREMENT 


The Moving Coil Galvanometer as a 
Circuit Element 


(N. F. Astbury) 


The moving-coil galvanometer has 
recently found considerable application 
in various systems for D.c. amplifica- 
tion, thus necessitating a new analysis 
of the instrument. An account is given 
of a simplified calculus applicable to a 
moving-coil galvanometer in which use 
is made of the concept of motional 
impedance. The fundamental galva- 
nometer equations are presented in 
what is stated to be a novel and very 
simple form, by treating the galvano- 
meter as a circuit element. Examples 
of the use of the formule are given, 
notably with reference to the ultimate 

‘noise level’’ of a galvanometer. 

—Proc. Phys. Soc. June, 1949, p.590.* 


Alternating-Current Measurement of 
Magnetic Properties 
(H. W. Lamson) 


An analysis is made of various 
procedures for .determining the _per- 
meability and core loss of ferro- 
magnetic materials, using alternating 
current. Limitations under’ which 
such observations are made, and the 
interpretations which should _ be 
applied to the data obtained are also 
discussed, Consideration is given to 
parallel and series interpretations of 
iron-cored coils, effects of harmonic 
distortion, and the analysis of core loss. 

—Proc. I.R.E., February, 1948, 

p.266.* 


Measuring the Rate of Watches with a 


(H. van Suchtelen) 


This describes an experimental ap- 
paratus with which it is possible to 
compare the rate of a timepiece with 
a standard frequency by using a 
normal ecathode-ray oscillograph. By 
means of a microphone the ticking of 
the timepiece is conyerted into voltage 
peaks which produce the vertical de- 
flection on the oscillograph. A small 
error, for instance a few seconds in 24 
hours, can be determined in a few 
minutes. 

—Philips Tech. Rev., Vol. 9, No. 10 

p.317. 


A Simple High Resistance Electrostatic 
Voltmeter 


(G. G. MacNeice) 


A kilovoltmeter of simple construc- 
tion is described, the main charac 
teristics of which is its high-resistance, 
of the order of 10°° ohms. No special 
instrument-making ability is necessary 
for its assembly. Essential features 
are stated to be as follows: (1) ease 





and cheapness of construction; (2) 
resistance of instrument unaffected by 
normal changes in humidity; (3) 


instrument is robust and cannot easily 
be damaged by overloading; (4) negli- 


gible possibility of sparking, hence 
fuses are not necessary; and (5) easily 
obtainable balance. The instrument 
can be used for’ estimating the 


resistance of good insulating materials 
at high voltage. 


—Jour. Sci. Inst. June, 1948, p.189.* 


Radio-frequency Resistance Meter ~ 
(H. W. Kline) 


A new meter has been developed by 
General Electric, U.S.A., for deter- 
mining the operating parameters of 
coils, capacitors, and resistors, as well 
as antenna resistance, and some trans- 
mission line characteristics, over the 
band of 50 kilocycl«s to 85 megacycles. 
This loss meter employs a_ low- 
impedance Wheatstone bridge having a 
microwave crystal-detector indicator 
circuit. As a_ result of measuring 
effective resistance directly, no parallel 
loading of the component under test is 


necessary, thus enabling a meter of 
high stability and accuracy to be 
constructed. 

—Gen. Elec. Rev. June, 1948, p.25.* 


Apparatus for Rapid Recording of 
Magnetisation Curves 


(K. P. Belov and G. M. Strakhovsji) 


In the apparatus described the mag- 
netisation curve is portrayed on an 
oscillograph. The specimen is placed 
inside a coil fed by A.c., causing an 
out-of-balance voltage between two 
similar coils proportional to the rate 
of change of magnetisation (Io). This 
voltage is integrated by means of a 
condenser and resistance so that an 
e.m.f, proportional to I is obtained. 
Some applications of the apparatus to 
the determination of magnetisation 
curves are indicated, including investi- 
gation of the influence of internal 
processes such as stressing or heating. 

—Eng. Digest, March, 1948, p. 85.* 


CIRCUITS 


An Electronic Method for Solving 
Simultaneous Equations 


(A. C. Hardy and E. C. Dench) 


The purpose of this paper is to 
describe electronic methods employed 
in solving sets of three simultaneous 
equations of either third degree or 
fourth degree, at a rate that corre- 
sponds approximately to a thousand 
solutions per second. By generating 
rectangular waves of irrationally 
related frequencics whose positive pulse 
widths are proportional to the values 





ad Abstracts supplied by ‘the courte sy of Metropolitan- 
Vickers Electrical Co. Ltd. Trafford Park, Manchester 


of the unknown variables, and apply- 
ing these signals to the grid of a valve 
in such a manner that its plate current 
flows only when all of the signals have 
positive values simultaneously, the 
average value of the plate current is 


found to be proportional to the 

required product. 

—Jour. Opt. Soc. Am., April, 1948, 
p. 308.* 


Blind Guidance by Ultrasonics 


A description is given of a portable 
radar-like device employing _ pulsed 
frequency modulation and giving a 
single audio frequency tone corre 
sponding to any given obstacle 
distance. Simultaneous echoes from 
different distances are 
combinations of individual] tones. 
experimental equipment, operating at 
65 Ke can detect obstacles up to 30 
ft. distant. Serious limitations of the 
system and difficulties encountered are 
mentioned. Various pulse systems are 
studied in detail; the simple pulse 
system, the first echo pulse system, 
the frequency modulation and_ the 
pulsed frequency modulations systems. 

—Electronics, May, 1948, p.76.* 


THERMIONIC DEVICES 


The Diode as Gonverter and as Detector 
(J. Haantjes and B. D. H. Tellegen) 


The current through a diode to which 
is applied, in addition to an a.c. 
voltage and a D.c. voltage, a small 
extra voltage v, can be developed into 
a power series of v, whose coeffi- 
cients are Fourier series. The magni- 
tude of these coefficients is calculated 
for a diode that has a linear charac- 
teristic in the pass direction. Within 
the limit of the term linear in v, four- 
pole equations and equivalent circuits 
can be set up for the diode as con- 
verter and as detector. From. these 
equivalent circuits various properties 
and quantities can be deduced. It is 
found favourable to give the diode a 
small internal resistance. 








—Philips Research Reports, Vol. 2, 
No, 6, p. 401, 1947. 
TELEVISION 
Television D.C. Component 
(K. R. Wendt) 


Although important, and one of the 
oldest of the television techniques, the 
D.c. component is still one of the least 
understood. It is here explained in 
general, and with reference to trans- 
mitter and receiver applications. The 
various restorer circuits are described, 
with their advantages and disadvan- 
tages. Design considerations are given 
for equipment which handles the 
s'gnal with the p.c. component present. 

—RCA Review, March, 1948, p.85. 
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CRYSTAL 
RECTIFIERS 


Send us particulars 
of YOUR requirements 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND. 









WIRE ENDEO 
CRYSTAL 
RECTIFIER 





















@ The iliustration shows a unit designed to measure radio frequency current 
up to O'l ampere in the range 95 to 105 mec/s. 












































91 U OD 
SWITCHES 


|. Beryllium Copper Contacts. 

2. Contact Resistance better than 
-005 ohm. 

3. Insulation resistance exceeding 
100 megohms. 

4. Maximum voltage between studs 
250. 

5. Current breaking*capacity, lamp. 
at 250 volts. 

6. Units available with from 
polesandupto52 ~~ 
working positions. 
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MOULDED RUBBER PARTS 


ENQUIRIES ARE INVITED from the 

Engineering, Electrical and Motor Industries 

for special Moulded Parts in Natural and 
Synthetic Compounds. 








SQUARE 
FLANGE 
YE: the Mycalex Company METERS 


can produce just as much 4° Large Open 
hot air with the Mycalex Heat- eget reget 
ing Panel and our young friend - _ — if 
has also realised that Myca- 
: . RANGES : 
therm is the solution to most AC. From 1V —10kV 
problems involving heat in the 254A — 100 Amps. 


wrong place . . . Cheap, too. D.C. From 5mV—l0kV 
54A—5000 Amps. 


MYCALEX HEATING ip: pith og a aa 
PANELS for economical and VICTORIA INSTRUMENTS 
easy heat production. Proprietors: V. |. C. (Bournemouth) Ltd. 


MIDLAND TERRACE - LONDON - N.W.10 
Telephone: ELGor 7871/2 





MYCATHERM in sheet form 
or machined to shape, for pro- BRAY CERAMIC INSULATORS 


for LF and HF Components alse capacitor dielectrics 


tection from constant heat to 
600 A.C. and resistance to arc 
for short periods. 


MY CALEX COMPANY LIMITED 


ASHCROFT ROAD, CIRENCESTER, GLOS. 


mode by 


MY 17 Established 1863 Phone Leeds 2098) 
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‘THE MICANITE & INSULATORS COMPANY LTD. 


Empire Works, Blackhorse Lane, Walthamstow, London, E.17 
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A NEW CO-AXIAL PLUG 














FOR TELEVISION AND CAR RADIO CABLE CONNEXIONS 


A precision made component available in mass production quantities at a 
mass production price 


Write for specification and quotation to :— 


ANTIFERENCE 


LIMITED 
67, BRYANSTON STREET, LONDON, W.1. 








BR.F. BE. 


Manufacturers and home constructors will be pleased to learn that 
the HAZLEHURST R.F. E.H.T. supply units are now available. 
They have many outstanding advantages over the usual E.H.T. 
supplies : 


i. Operation is independent of adjustments to time base circuits and regula- 
tion is excellent. 


ii. The high voltage is non-lethal, dropping almost to earth potential on 
touch. 


tit. Radiation is made negligible by efficient screening. 


iv. A 5 KV-8 KV unit requires a D.C. supply of 320 V, 30 mA and an 
A.C. of 6.3 V, 0.45 A. 


Units are available to supply any voltage between 5 KV and 25 KV with 
stabilized outputs to special order 


Price of complete supply (5 KV-8 KV) os a oes. Se. 
Price of coil unit (as illustrated) ... 7 a5. Ase 


Trade and Export enquiries welcomed. 





186, Brompton Rd., London, S.W.3 


HAZLEHURST DESIGNSLTD.“"™ 


KENsington 7793. 
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This three-dimensional model illustrates 
the expansion properties, over a wide range 
of temperatures, of iron containing varying 
amounts of nickel. 

The unique properties of these nickel iron 
alloys make them of importance to designers 
of temperature - indicating and control 


devices. For further information write to— 


QMI 





Model by courtesy of |. Starkie Gardner Ltd. (after Chevenard) 


MOND NICKEL COMPANY LIMITED 


GROSVENOR’ HOUSE - PARK LANE - LONDON W.! 











WELWYN ELECTRICAL 








Resistors produced by the cracked 
carbon process remain stable to + 1% 


of initial value. 


Tolerances +1% +2% +5% 


Low temperature co-efficient. 





Weloun 


carbon resistor 


LABORATORIES LTD., WELWYN GARDEN CITY, HERTS 


Telephone : Welwyn Garden 3816-8. 














‘ Flectronic Engineering 


COSSOR 


T MODEL 1035 ] 1035 


DOUBLE BEAM OSCILLOGRAPH 








A general-purpose Oscillograph comprising a Double 
Beam Tube operating at.2 KV., a Time Base, Y Deflection 
Amplifiers and Internal Power Supplies. The traces are 
presented over the full area of a flat screen of 90 mm 
internal diameter. Signals are normally fed via the 
Amplifiers and provision is made for the measurement of 
the applied voltages upon the calibrated Y-Shift Controls. 
The Time Base operates repetitively or it can be triggered 
from an external source for single-stroke operation or for 
continuous scanning at trigger-pulse repetition frequency. 
A calibrated X-Shift Control is provided for the measurement 
of Time. 


Model 1428 CAMERA 


Specially developed for use 
with Cossor Oscillographs, 
it provides the simplest 
means of recording stationary 
or non-recurrent waveforms 
and slow transients by the 
moving film method on 
standard perforated 35 mm. 
film or paper. Of robust 
construction it has provision 


Three-Speed Motor 
Attachment, Model 1429. 


Further details obtainable on application to 
A. C, COSSOR LTD., INSTRUMENT DEPT., HIGHBURY, LONDON, N.5 








for power drive bythe Cossor | 
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AT THE WEDDING OF 

PARMEKO TO INDUSTRY . . . 
This happy day is the culmin- 
ation of many troubles ~ as 
schoolboy and girl they hated 


each other like poison. As they 
grew into the teenage they 

took more notice of one another - 
flirted a little and then fell 
out. Grew up a little more and 
their feelings developed with 
purpose and they were constantly 
seen about together, 


When times of trouble and war 
came they plighted their troth 
and resolved to work together 
hand in hand. 


This has now developed further 
into a sense of mutual trust 

and respect where each recognises 
the other as a partner, where . .e 
Oh, let's stop talking in riddles, 
Just think of us at 
Parmeko as a 
wife and 
pertner in 
your Transfor- 
mer troubles, - 
we are there to 
help in times 
of difficulty. ” 
Use us and don't A? 
worry . . let's live “> 
happily ever after. , 







Makers of transformers for the 
* Electronic, Signal, Luminous Tube, 


Oil Ignition Industries, etc. 
@ 
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When Buying Resistors 
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| Intricate Radio and Electronic circuits need 
efficient colour coding. When this is coupled 9 
with excellent insulation and economy, so C H 0 0 S E T H E C H E A P E S T ” 
: much the better. These qualities are offered 
you in the range of Hamofil Connecting After all, most resistors look alike and if 
Wires, which include solid and stranded . 
conductors—1/22, 1/19, 7/33, and 14/36 you buy enough you should save quite a lot. 
S.W.G. Rubber covered, braided and Theoretically this sounds sensible but, in practice, 
Bes varnished; rubber covered, braided and a premature break-down of equipment can cost 
8 = ; metal screened; in various plain more to rectify than will ever be saved by buying 
ae " the cheapest resistor, and the loss of goodwill may 
Hamofil “Push Back”—a popular inexpen- : 
sive grade—permits the cotton braiding to be priceless. True, the manufacturer can change 
be pushed back to facilitate jointing or his supplier but only too often he cannot repair 
soldering. In various single and multiple th ; 
/ : e damage to his own good name. 
‘ i colours. Full details on request. In the long run it is far cheaper to specify 
Z * 
ae H amofil 
oO 
connecting wires 
the DE LA RUE INSULATION LTD., IMPERIAL HOUSE, THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
a OU ie aaa cae QUEENSWAY, PONDERS END, MIDDLESEX 
e, TELEGRAMS: DELINSUL, PICCY, LONDON Telephone : Howard 1492 Telegrams : Vitrohm, Enfield. 
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in the range of 


: : x : 
e FLASHOVER KV DC (TOP) ' Ree: 


High Sabally 


MAXIMUM AMPS. 5 12 
CAPACITORS 





The new range of U.I. 

air and moisture-tight sealing even with permanent 
pressure differences of up to 20 Ibs. A specially 
developed metallizing technique ensures excellent 
adhesion between metal coating and ceramic body 
and permits soldering at temperatures between 

220°C and 310°C. Full particulars of flashover We 
voltages, current carrying capacity and behaviour may 
OS EE B at reduced pressure are available on request. eria 


o~e 2s 






-wewere 


FLASHOVER (KV RMS) BOTTOM 


on | 








UNITED INSULA 
. OAKCROFT RD 
. TOLWORTH 


Telephone : Elmbr idge 524! (6 lines) Telegrams . Calanel, Surbiton 
4 


SURBITON SURREY — 
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-GARDNERS ‘stry- 
“ HENGIST ” 
“ SOMERFORD ” 


The illustration shows our hermetically sealed transformer, 
which together with ‘‘ Hengist,” ‘‘ Avon,” “ Burley,” and 
the “* Somerford ” range of transformers and chokes adequately 
fulfils the requirements of the Electronic industries and 
National Research establishments. 


The ‘“ Somerford” range comprises some 141 types of 
transformers and chokes, most of which are available for 
immediate or prompt delivery. 


Full details will gladly be sent upon request 


GARDNERS 
|__TRANSFORMERS 


GARDNERS RADIO LIMITED 
SOMERFORD : CHRISTCHURCH : HANTS. 
Telephone ; Christchurch 1025. 





















Which Material 
for which 








We have been making researches into, and manufacturing 
magnet materials from the earliest days of cobalt steels. 
Our latest practice in an increasingly wide range of mat- 
erials is set out in the Darwins Magnet Book—available 
on request to all interested in permanent magnets. 
















DARWINS LIMITED » TINSLEY - SHEFFIELD 


“ims! THE DARWINS GROUP - CRAFTSMEN IN FINE STEELS 


M13 












This instrument is sufficiently outstanding to arouse the lively 
appreciation of all High Fidelity enthusiasts. If your equipment can 
provide a practically faultless output, we have no hesitation in saying 
that its performance with the Axiom Twelve Loudspeaker will 
impress you agreeably. 

It must be emphasised, however, that the Axiom Twelve is a High 
Fidelity Reproducer and must be used with equipment which has 
also been specifically designed for this purpose. If the signal includes 
any distortion, this will be reproduced, possibly with unpleasant 


aural results. That is why, for general requirements, we still 
recommend our standard 12-in. model T2. 


FIDELIT 
y SPECIFICATION :— 
x Frequency range .. 40-15,000 c/s. Flux density ...... 13,000 gauss, 
Fundamental resonance .. 55 c/s. Total flux .... 145,000 maxwells. 
Voice coil impedance ... 15 ohms. Power rating .. 12 watts peak A.C. 
Voice coil diameter ....... 1} in. 


EFFICIENCY 
GOODMANS INDUSTRIES LTD., LANCELOT ROAD, WEMBLEY, MIDDX. 


Flectronic Engineering 





"Phone: 
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Write for fully descriptive Folder A.r1os. 


* British Patent No. 451,754. 
WEMbley 1200. Telegrams : ‘‘Goodmans Wembley 1200’ 


Other patents pending. 






















ALL-POWER 





CONSTANT VOLTAGE POWER SUPPLIES 









SPECIAL LABORATORY UNITS 








This forward mounting Rack Unit, illustrated 
with cover removed, provides a constant output 
voltage of 300 D.C. at any current up to 600 mA. 
The output impedance is a fraction of an Ohm, 
and the residual output ripple is less than 2 mV. 


This is only one of the many special Power 
Supply Units we are making to customers’ 
requirements. 


ALL-POWER TRANSFORMERS LTD. 


8a, Gladstone Road, Wimbledon, S.W.19 


Tel. : LiBerty 3303 
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Now avatlalle 


LABORATORY 
licensed 





Registered Trade Mark 





@ 6” Cathode Ray Tube. Facilities for expansion of any 
portion of the waveform to 
@ Individual power packs for units permit detailed examination. 
to eliminate interaction between @ Frequency range of amplifier 
controls. 2 c/s to 3 Mc/s. 


chy she @ Standard 19” rack mounting. 
@ Separate ‘X’ and *Y’ Sym- @ Available with special cupboard 
metrical amplifiers. and trolley if required. 


LABORATORY OSCILLOSCOPE £98 .0.0 


TROLLEY & CUPBOARD £17. 10.0 
(Covered by the ‘ CINTEL” free service guarantee) 


CINEMA-TELEVISION LTD., 
WORSLEY BRIDGE RD., LONDON, S.E.26 


Telephone: HITher Green 4600 
Manufacturers of Scientific Instruments and Photo-electric Cells. 
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1I8 TOTTENHAM COURT RD., 
LONDON, W.I. Phone : MUSeum 2453, 4539 


SHOP HOURS : : 
MONDAYS-FRIDAYS 9-5-30. SATURDAYS 9-1. 





The following items are extracted from cur complete “TELEVISOR ” list which is now 
available. Please send stamped addressed envelope for copy. In addition, demonstration 
models of the completed units are now on display for the guidance of constructors. 


METAL WORK Please note reduced prices) £s. da VALVES AND CRT. (All at sind PURCHASE TAX of 33% per cent.) 
Complete chassis work oven receiver in tin m wate, beter etc., to Mullard EA50's at 12/10 each Mazda T41's at 12/10 each. 
original specification ant 114 0 ” EF50's at 21/4 each. ” Pen 45 at 12/10 each. 
As above for sound receiver _... aa a . * os ° at te —_- - ur * at aH a 4 
eee ea 
poy ihipecmne sae td i se ied ni be fa ae Cathode Ray Tube GEC.6501, Mazda CRMGI of Mullard MW22/7 at $11.6. 10d. 
Rubber mask for above at 10/+ each, 
TRANSFORMERS AND CHOKES 
Mains transformers, STEWART 3500.350 v. 250 mA., 6.3 v. 6A. OLS VALVES. (Ai rented cod waren 
550 at 6/ 
ET ts + TA AS. 3 EVISION ‘te ‘sm, “i000 2 EAS0 at 4/~ each, (for U2) at 10/-, KT44 (7 pin) at 8/6 each (for 
«oma - maa 4y, and 2. 2 280 ee 
moan che 5 H. 250 DimA., Stewart type pRapprraarag saree Ge MISCELLANEOUS 
Smeets 80 mA. Stewart ose eee eee 13 0 Comeolate ont ot cella snd choles wound to specication of Fig, 8, page 
YY boxed por labelled . 41 oot 
SCANNING EQUIPMENT Alsdain lormers Sha’ vs igen hog ae 
Set i oes, SCANCO TELEVISION Type ST. ... «. 1.8 6 Colvern wire-wound potentiometers 10K ..  . =. ln 6/8d. 
as: ferns yay Type STS CR CRT) cays fll pm omg as specified, tor watt rati a, cat 
i ie “ 
Lint snipun iranslormen SCANCO TELEVISION TipeST6 .. 15 6 aa Sep ag Fe Poe ocr condenses, Baling & Lec com- 
(Ratio45 1. Max. D.C. 75 mA on primary) jocter ages ole By wheghagelires Sp Pay 3 


STOCKISTS OF ALL RADIO AND TELEVISION COMPONENTS INCLUDING 
VALVES, BATTERIES AND TEST EQUIPMENT 
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AUSTIN LG 


GOES TO SEA 







The Austinlite 
Rotary Switch is 





port, of the equip- 
ment of the new 
Bridlington lifeboat. 





Send for folder 

giving fullparticulars 
of this heavy-duty 
30 amp. switch. 


AUSTINLITE LIMITED (Proprietors Chance Brothers Limited) sf SYDNE 106 7 ant RIAL ROAD, ENFIELD. 
Dept.. j, Lighthouse Works, Smethwick 40, Nr. Birmingham. Ph 


AGOn: 
f y 
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FOR INDUSTRIAL PHOTOGRAPHY 


DAWE PORTAFLASH, cutstanding advantages of 
which are: 
Lightning speed flash which ensures sharp pictures 
under; all conditions 
Long-life lamp—giving at least 5,000 flashes 
Metered light output which ensures consistent 
exposures 
The elimination of cumbersome lighting units 
DAWE MICROFLASH for micro-second photography: suitable 
for — projectiles in flight, and pressure waves in 


gases and fluids and for many other ultra-high-speed 
investigations. 





Fuller information and the address of your nearest distributor gladly forwarded on request to :— 


DAWE INSTRUMENTS LTD. 
130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 : EALING "6215 
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Diagram = —f «= 
by courtesy of - < 

yeahs ae 2 S > 
Publishing Co., Inc. = cin a = 


V. H. F. BRIDGES 


for balanced and unbalanced measurement 
at frequencies between 1 Mc/s and 100 Mc/s. 





THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY. TELEPHONE: MALDEN 2202 








CONSISTENTLY 
PULLIN 


INDUSTRIAL 
SWITCHBOARD 
INSTRUMENTS 









TRANSFORMERS 
CHOKES 


MAGNETIC 
AMPLIFIERS 


OPEN, CANNED OR 

HERMETICALLY SEALED REP 

Pe board Instruments 
are completely 
new in design. 
The 4” and 6’ 
Round Projecting 
Type case is of 
pressed steel, has 
a full open dial, and 
can be converted 
easily to flush type 
by using a separate 
fitment. The 6” 
dial rectangular 
pattern has a clean 
open scale. All 
types are available in Moving Iron, 
loving Coil or Dynamometer Pattern. 





A) ASSOCIATED ELECTRONIC | 
a ENGINEERS LTD. = MIP We can give early deliveries—write for details 


Address all enquiries to 


Be oniecea MEASURING INSTRUMENTS (PULLIN) LTD 
5 oo eaee Dept. E, Electrin Works, Winchester Street, » W.3 





Telephone: ACOrn 4651/4 














Manufacturers of 


LOUDSPEAKERS 
® 
LAMINATIONS 
IN NICKEL ALLOYS 
AND SILICON IRON 
* 


SCREENS FOR 





*“ 


IN ALL GRADES OF 


ELECTRICAL SOUND & TELEVISION PATENTS LTD. | 


12 PEMBROKE STREET, LONDON, N.I. — TERMINUS 4355 | 
2/4 MANOR WAY, BOREHAM WOOD, HERTS — ELSTREE 2138 








ELECTRONIC USES | 


NICKEL | 
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INSTRUMENT... but NOT 
‘“‘Laboratory”’ 
Price ! 


The “Advance Type E Signal Generator places an 
instrument of laboratory class within the financial scope 
of every radio service engineer and experimenter. 


The discerning engineer will appreciate its accuracy and stability, its exceptionally 
wide range which covers all frequencies required for radio and television receivers 





and its accurate attenuating system which enables to be made 
on highly sensitive receivers up to 60 Mc/s. Serid for fully descriptive pamphlet. 
Range: 100 Kc/s—60 Mc/s 


on fundamentals. 


Carpet within + 1% 
Constant im- 
system embodying a 
matched 75 ohms transmission 


Stray Field: Less than 3 
microvolts at 60 megacycles. 
Mlumina’ jial ; 
Total scale length 30” 
Power Supply : 
110-210-230 volts. 
snes” x 108" x 72” d 

leep. 
Weight : 15 Ibs. 





ADVANCE COMPONENTS LTD., Back Road, Shernhall Street, 
Walthamstow, London, E.I7. Telephone : LARkswood 4366/7. 








CnlyBOAK 



















































































LOW ATTEN) IPED | A’ aa . 

Temes. | ones ARE, fu, | OD. 

THE LOWEST EVER fit 13a 117 lon lose 

CAPACITANCE OR [a2 | 74 | 1.3 | 02/044 
ATTENUATION | A34/ 73 | 06 | 1.5 | 0.88) fe 

. CAPAC.) 1MAPED.| A’ ” 

IMMEDIATE TYPES. | an/9 | Ons |*SR0M) OD: 

DELIVERIES C1 | 73 | 150| 25 (0.36 
4OR HOME PCA | 10.2| 132] 3.4 [0.36 aan 

_ & EXPORT CH | 6.3 | 173| 3.2 10.36 

Fay ee apt ad patches vr C2 | 63/171 | 245/0.44 

C22 | 5.5 | 164|2.8 [0.44 

GERD RADIO Om C3 | 5.4 /197/ 4.9 [0.64 

3314.8 2.4 |0.64 

C44 | 44 | 252] 2.4 11.03 





























e 20 QUESTIONS” 


for the backroom boys... 


1S IT; Automatic coolant regulation? 

Movement for pressure change? 
Packless gland to seal spindle in high vacua? 
Reservoir to accept liquid expansion ? Dash- 
pot or delay device? Barometric measurement 
or control? Pressurised coupling where 
vibration or movement is present? Dust seal 
to prevent ingress of dirt? Pressure reducing 
valves? Hydraulic transmission? Distance 
thermostatic control? Low torque flexible 
coupling? Pressure sealed rocking move- 
ment? Pressurised rotating shaft seals? 
Aircraft pressurised cabin control ? Refriger- 
ation expansion valves ? Thermostatic Steam 
Traps? Pressure amplifiers? Differential 
pressure measurement? Thermostatic oper- 
ation of louvre or damper ? 


* b.b 
THE ANSWER IS... Seamless, one-piece, metal bellows 


combining the properties of a compression spring able to withstand 
repeated flexing, a packless gland and a container which can be 
hermetically sealed: Made by a process unique in this country; no 
thicker than paper (the walls range from 4/1000” to 7/1000”) they 
are tough, resilient, with a uniformity of life, performance and 
reliatitity in operation unobtainable by any other method. 


Write for List No. M 800-1 


Drayton Hydroflex METAL BELLOWS 


Drayton Regulator & Instrument Co. Ltd.; West Drayton, Middx. 





MOVEMENT FOR 
PRESSURE CHANCE 
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TELCON Anti-Microphonic CABLES 


materially assist in the successful design of | 








electronic instruments intended for the 


| | om 
vail Bos a 


measurement of minute currents of the XW 0:75a 


order of 10°!° amps. Details of this range 


of ‘Gee’ cables may be had on application. | NEW TYPES FOR v5 , | ¢ 





| MIDGET RECEIVERS THE SCIENTIFIC SCIENTIFIC 
| HEARING AIDS 
Founded 1864 METEOROLOGICAL VALVE. 
INSTRUMENTS BRITISH ——— MADE 
ots, = 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wall 3141 HIVAC LIMITE Greenhill Crescent. Ahane HARROW 


Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 1040 Harrow on the Hill.Middx. 0895 


R . iia | PHOTOELECTRIC EQUIPMENT 

| THE PHOTOMETER 

PRODUCTS | 

C naneformars::< Utah 
Gtisiisel Contrad Gear 
Critica: Gd opeligeneed & 


WMamufocaring Le bidias 


TELEPHONE BRADFORD 24902 


R.R. DEVELOPMENT LABORATORIES LTD Evans ELECTROSELENIUM LTD., 
BARNARD RD . BRADFORD . YORKSHIRE | Hariow Essex 

















HE “EEL” PHOTOMETER 
measures with an _ unusual 
degree of accuracy, light in- 
peers seed not covered by the 
e meter 
‘or light meter. Sturdily con- 
Seraseed in stout leather case, 
each instrument is especially 
assembled with a photocell 
and microammeter indi- 
vidually calibrated, the 
values being selected to 
cover customer’s spe- 
cific requirements, 


PRICE}20 Guineas 

















Complete in leather 
case with cell unit 
and handle on flexible 
lead, 





A Write for full particu- 


lars of this and other 


product equipment incorporat- 
ing the famous “‘ EEL’ 
of selenium cell. 











= RANGE OF PRECISION owas 


neyo soe & chokes are spe 


's (Short Wave) Led. 
London, W.1. 


RTS. ELECTRONICS, a mine Ort STREET, EX pas. 
Telephone : Exeter 2132. 


err 
MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 
THERMAL DELAY SWITCHES 
SLIDER RESISTANCES 
Made by 


OLIVER PELL CONTROL LTD 














Silver 


larger premises at : 





42, TOWNGATE STREET, 


POOLE, DORSET 


Telephone No. Poole 872-3 


We beg to announce our 
change of address to 


Electronic ‘Engineering 
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GENUINE HIGH FIDELITY 


Due to the many compliments we have received, 
from enthusiasts who have attended our demon- 
Strations in the past few weeks, we now feel 
justified in calling ourselves the leading high 
fidelity specialists in London. 
Demonstrations are now given daily of the follow- 
ing :— 
Our RDI, the ‘‘ Williamson,’’ and the Partridge 
15-watt high fidelity amplifiers. 
The Goodmans Axiom 12, the Barker Model 148, 
the Hartley 215, and the Wharfedale WIOCSB 
loudspeakers. 
The Connoisseur, the Wilkins & Wright Coil, 
the Decca, and the E.M.I. type 14 pick-ups. 
Also the RD scratch filter, and the RD feeder unit. 
Now available, the Goodman’s Bass Reflex Cabinet, 
finished in figured walnut. Full details on request. 
Our Price List will be forwarded on receipt of 
23d. stamp. 

ROGERS DEVELOPMENTS CO., 
106, Heath Street, Hampstead, London, 


HAMpstead ‘6901 
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WE OFFER 


A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 


We buy good modern used equip- 
ment of all types for spot cash. 
UNIVERSITY RADIO LTD. 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 








ine S43} 
ines) * Oper 9-6 fi : 
5660 (46 fies) 





Partridge Hews 


SPECIAL DESIGN 


Our new modern transformer factory 
situated on the Kingston by-pass is now 
in operation. We can offer facilities for 
the design and manufacture of audio 
frequency and mains transformers of all 
types (from 5 V.A. to 15 K.V.A.). If 
designed especially to your specification 
our delivery is only a few weeks, 
alternatively we have over 100 different 
types available, ex stock. 


May we send you our price list ? 
* + & + 
LONDON SALES OFFICE 


For the benefit of our many friends we 
have made arrangements for the 
immediate supply from stock of small 
quantities of our standard components. 
These can be collected from our address 
at King’s Buildings, Dean Stanley Street, 
Millbank, Westminster, S.W.1 

yards from Big Ben). Hours: 10 a.m. to 
I p.m. and 2 p.m. to 5.30 p.m. (Mondays 
to Fridays only). Kindly note this 
address is for stock sales only, and all 
correspondence and other inquiries 
should be sent to Peckford Place. 


Brixton 6506 


PARTRIDGE| 


TRANSFORMERS LTD 








PECKFORD PLACE, LONDON, S.W.9 
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f | 
Visconor 


CATHODRAY 


CONDENSERS 
for 


TELEVISION AND OTHER 
HIGH VOLTAGE APPLICATIONS 


This well-known range of high-voltage condensers is 
now processed with a new impregnant—“ Visconol,” a 
highly viscous mineral oil, the development of which has 
been dictated by the increasingly stringent operational 
conditions. to which modern equipment is subjected. 
Among the advantages provided by this new process 
are :—Adequate voltage rating, low power factor, stability 
of dielectric, and power to withstand sharp-front short- 
time fleeting surges. The mechanical construction and 
unique sealing technique renders them normally imper- 
vious to breakdown or flashover. T.C.C. “‘ VISCONOL” 
CAPACITIES FROM 0-0005-1 MFD. Cathodray Condensers should be first choice where 
VOLTAGE! RATINGS FROM 750-25,000 D.C. exacting conditions are likely. List No. 132, showing 


a full and comprehensive range will be sent on receipt 
of 24d. stamp. 


LIES CONDENSERS—A PRE-REQUISITE TO “BETTER LISTENING” 


THE TELEGRAPH COMSENSER CO.,LTD 


NORTH ACTON - LONDON : W:3 Telephone. ACORN OO6I 





Electronic Engineering 


HIGH-FIDELITY 


Amongst other hi-fidelity reproducers we are demonstrating:~ 
The Mordaunt ‘“ Duplex”? Twin-Unit Corner 
Reproducer SS os ; 98 Guineas 
and the 

Barker ‘‘ 148’’, a is ice chassis of superlative 
merit . 15 Guineas 
‘Hear them working | from ’ Brierley’ s Ribbon Pick-up, 
price .. vv *O 14>. 9 
HORIZONTAL LISTENING via the Rothermel “SILENT 
PrLLow ” LOUDSPEAKER, enables comfortable listening 
while in bed .. ad so ey £2250 
Headphones: Browns “ K ag — for both 


comfort and high fidelity .. a LS:°s 


(Matching transformers available, 7: ) 


Pick-ups. ' We demonstrate in variety, Brierley Ribbon 
with transformer ; . £1014 9 
Connoisseur moving-iron with transformer £4 10 6 
Wilkins & Wright moving-coil with transformer {£7 10 7 
R.I. type “ SQ ” moving-iron \ as £6 4 4 
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COILS AND FORMERS 


“« Synchrodyne ”’ coils wound to author’s spec. per set 0. 
three with connecting diagram ei oy 37s. Gd. 


Atkins “ High Q”’, excellent general-purpose tuning in- | 
ductances, adjustable dust-cores, wound on Aladdin formers, : 
Full range covering 5 to 2,000 metres of three types, Aerial, 4 
H.F. Transformers and Oscillator All, each 3s. 7d, 7 


Webb’s “Crystal” Coil For use with circuit in| 
“ Wireless World,” April, 1948. Has two crystal § 
tappings. os ‘ 2s gd.) 
(B.T.H. Crystal rectifiers —CS7A also evailable + 78. 6d.)8 


Aladdin Coil Formers. Type oe a modern former | 
widely used for all frequencies. 14 in. long by 3 in, dia. 6d. : 


Aladdin Dust — boden PPs804forsame .. oe 





€ New developments at 








THE HUB OF THE EXPERIMENTER’S WORLD 


145 Mc's BAND 


The new amateur band 145/146 Mc/s. (2 metres) offers 
experimental scope for both receiving and transmitting. 
Some stock items :— 

Q.C.C. _ 8 Mc/s. Crystals (multiply by 18) .. 32s. 6d. 
U.S-A; type’ 6J6, 18s. 3d.; R.C.A. Acorns.954 and 955, 
20s.; Mullard ECor, 30s. 5d. EC52, 18s.. 3d. ECs53, 
30s. §d.; QVO4-20, 75s. ELor, 1§s. 3d. 


General Radio Absorption Wavemeter, type 758A, 
precision type calibrated 55 400 Mc's. ee £9 0 0 


Philips Concentric Air Trimmers 3 30 and 3 10pF, 
both. : 2 0 


Eédysione 15 ce I spF Split Stators os 8 9 


Duralumin Tubing for Aerial Arrays. ~ in. outside 
diameter, 8 ft.'6 in. length, 4s. 6d.; 10 ft. 6 in. length, 
5s. 6d. (Callers only for this ree 


OUR V.H.F. RANGE WILL SOON BE AUGMENTED BY NEW 
COMPONENTS AND VALVES: WATCH FOR DEVELOPMENTS. 


RECEIVERS 
Eddystone ‘670’. A new receiver for A.C. D.C.4 
110/230 volt. operation. Especially interesting for Marine © 
use. An export model, available under formalities for the @ 


sea-going officer £37 10 OF 


Eddystone ‘‘ 640’ offers unparalleled value and holds its 
own on performance with any communications receiver ~ 
irrespective of price. Available for the home: market 
ex-stock x < pics he £27 10 o@ 


Eddystone ‘‘ 659.”” Console Receiver, designed for the 
overseas broadcast listener. Outstanding short-wave and 
broadcast performance, with console loudspeaker. (Sorry, 
but this is EXPORT ONLY—overseas visitors are | 
welcomed) £47 10 0 | 


* YOUR COPY OF OUR NEW 1948 CATALOGUE AWAITS YOU, 6d. TO CALLERS, 73d. POST FREE. 


RADIO REPAIRS. Our enlarged Service Department can give prompt attention to 
all repairs, specialising, ofcourse, in the alignment, etc., of communication receivers. 





14, SOHO STREET, OXFORD STREET, LONDON, W.I. 


WEB BS Radio 


_Phone GERrard 2089. Shop hours : 9 a.m.-5.30 p.m. Sats. 9 a.m-Ip.m. 
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